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Advance report of Committee 16—Economics of Railway
Location and Operation

Report on Assignment 9

Determine factors, including costs, involved in rehabilitation,

operation and maintenance that may be incurred in

upgrading present main tracks to support

very high speeds above 80 mph
72-629-7

t

H. J. Kay (chairman, subcommittee), M. B. Miller {vice chairm,an, subcommittee),
R. H. Dunn, R. C. Gilbert, G. E. Hartsoe, W. Henschell, G. R. Janosko,
R. J. Lane, C. J. Meyer, R. McCann, D. McCorquodale, W. B. O'Sullivan,
W. L. Paul, G. Rugge, L. K. Sillcox, H. Wanaselja, F. Wasco.

This is the final report on Assignment 9 and is presented in two parts, both

as information. Part 1, immediately following, discusses Basic Mechanical Considera-

tions. Part 2, beginning on page 9, is a Special Report on High Speed Rail

Transportation written by W. B. O'Sullivan, a former member of AREA Committee

16 (now a member of AREA Committee 5—Track), who assumes sole responsi-

bility for the complete text of his report.

Part 1

Basic mechanical considerations

Locomotive Horsepower Requirements

A locomotive hauling a train develops a certain amount of horizontal pull,

known as draw-bar pull. It is the tractive force at tlie rail minus the effort which is

needed to move the locomotive. It is equal to the resistances encountered by the

train in motion.

Resistance at any specified speed is usually measured in pounds per ton and

is equal to the amount of horizontal force required to sustain the movement of one

ton (2,000 lb) of train at that speed. If at any speed the locomotive has excess

capacity to develop a greater tractive force, it is capable of accelerating the train

to a higher speed. The maximum speed attainable is reached when the maximum
tractive force that the locomotive can exert at any given speed is equal to the total

resistances to be overcome by the train and locomotives at that speed. At high sus-

tained speeds the relationship between resistance and available tractive force is of

increasing signifiance in evaluating the overall economic considerations.

Gross resistance to the movement of the train is comprised of the following

elements, all of which may be expressed in pounds per ton:

1. Resistance on straight and level track at uniform speed in still air (internal

resistance )

.

2. Resistance due to grade.

3. Resistance due to curves.

4. Resistance to acceleration.

t Discussion open until December 15, 1970.

1
Hill. WM
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Resistance on Straight Level Track

Assuming average operating conditions, i.e., mild weather, good track and road-

bed and rolling stock of standard types, the \ariablcs relating to internal resistance

on straight and level track are those representing the physical contact between wheel

and rail, the speed of the train and weights of the equipment. The elements of inter-

nal resistance may be divided into the four following classes based upon their rela-

tionship to speed:

1. Elements which are constant with respect to speed and weight per axle

but vary with respect to surface condition and horizontal contour of rail-

head as well as contour and condition of wheel tread.

2. Elements which are constant witli respect to speed but vary with respect

to weight per axle, such as journal bearing friction.

3. Elements which are proportional to the first power of speed, including

wheel flange friction and friction due to concussion, swaying and oscilla-

tion resulting from lateral motion.

4. Elements which are proportional to the square of the speed, consisting

of air resistances.

The total resistance in pounds per ton exclusive of the effect on grades and

curves is the sum of the above four components which may be referred to as rolling

friction, journal bearing friction, train dynamic losses, and air resistance. These four

components of resistance on straight and level track may be combined into a single

formula. One of the most commonly known fonnulas is the Davis Formula which

is included in Chapter 16 of the Manual. Modifications of this formula are used by

some roads and one modification is also included in the Manual. The formulas are

shown in Appendix C. Basic computer programs for train performance calculations

which take into account all of the resistance parameters and tractive force have been
developed.

Limitations of Existing Formulas

Application of these programs or the Davis Formula to determine train per-

formance at sustained high speed may involve certain limitations or additional con-

siderations as they relate to the four classes of internal resistance. Such limitations

and considerations for each of the four classes appear to be:

1. Rolling friction—This can be considered constant for a given quahty of

track and assuming that railhead contour and condition would be better

in high sustained speed territories, it is recommended that tlie value of 0.6

included in the modified Davis Formula be used.

2. Journal bearing friction—There is no appreciable diff^erence between solid

bearings and roller bearings above 35 mph, but other mechanical con-

siderations heavily favor the use of all roller bearings.

3. Train dynamic losses—Present available information indicates that properly

designed six-axle locomotives can operate at speeds up to 120 mph with-

out developing truck hunting action (swaying due to concussion, vibra-

tion, flange friction and other miscellaneous frictions). The threshold

speed for hunting with four-axle locomotives is somewhat lower. Test runs

by the AAR Research Department on a 94-ft-long high-cube car indicated
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that the four-wheel trucks operated satisfactorily at 90 mph. Investigation

of truck design for high speed operation is now under study.

4. Air resistance—The first diesel locomotives developed for road freight

service were of the semi-streamlined car body design, and this design pre-

vailed until the manufacturers developed the so-called general purpose

locomotive commonly referred to as a road switcher. The general concept

of the road switcher design has usually prevailed up to the present time,

and this design is less streamlined than the former car body type but some

semi-streamlined units are now coming back into use.

Streamlining becomes increasingly important in reducing frontal pressure

at speeds in excess of 50 mph, and the effect of this parameter upon horse-

power requirements should be analyzed in train performance calculations

involving sustained high-speed operation.

Present freight train consists have a wider variety of equipment than was

formerly the case and now include TOFC, high-cube, and high capacity

cars intermingled \\'ith older equipment. In addition, the use of cushion-

type draft gear has increased the distance between adjacent car bodies

which reduces the streamlining of the train as a whole. The effects of

these features upon the co-efficients previously recommended for use in

the resistance formula are not definitely known.

Economic Considerations

The ultimate objective of sustained high-speed rail operation is to provide a

more attractive and dependable service vis-a-vis competing modes of transportation,

which in turn would not only prevent further erosion of rail traffic but would also

generate additional revenues. The additional revenues generated provide one im-

portant criteria for determining the monies available for capital expenditures to

improve existing roadway and equipment which would be required to permit sus-

tained high-speed operation. Initially, the additional revenues expected to accrue

are in large measure dependent upon judgment estimates by Traffic Department

officers or a marketing study, both of which are subject to certain infirmities.

Two basic requirements for sustained high-speed operation are adequate road-

way and suitable equipment, each of which cannot be considered separately. Pres-

sently in North America there are not many territories where sustained high speeds

can be attained over long districts because of restrictions due to curvature, grades

or track conditions. Restrictions due to curvature and grades are generally more

acute in mountain territory, and although greater roadway capital expenditures

would be required to reduce or eliminate these restrictions, the resulting savings in

operating costs and motive power requirements along with additional revenues might

justify the estimated expenditures.

Present authorized maximum freight train speed for many roads is 60 mph,

and a few roads have increased maximum authorized freight train speed to 70 mph.

One road has a maximum speed of 75 mph for a particular train operating

with standard equipment, and the highest maximum authorized freight train speed is

90 mph in a certain territory on one road for one specific train which is operated

with a limited number of all TOFC cars equipped with roller bearings.

One of the factors involved in the economic considerations for sustained high-

speed operation is the saving in time which would occur as speeds are increased.
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Theoretically, doubhng the maximum authorized speed would reduce the over-the-

road time by 50 percent providing, of course, that this increase could be accom-
pUshed over the entire segment of road under consideration. However, increasing

the maximum authorized speed from 90 to 100 mph results in a gain of only 6 min
and 40 sec for each 100-mile segment, or slightly over 3 hours for a transcontinen-

tal nm from coast to coast. Appendix A of tliis report shows the saving in time per

100 miles for increases in speeds in 10-mph increments from 60 to 120 mph.

Selection of the type of motive power affects the overall economic analysis,

and the available alternatives include electric, diesel-electric and gas-turbine elec-

tric. The speed-tractive effort curves for diesel-electric and electric locomotives

included in Chapter 16 of the Manual are typical of similar curves for units in serv-

ice today, and curves for gas-turbine electric locomotives are similar to those for

diesel locomotives.

Diesel units in freight service are equipped with either four- or six-wheel trucks

and have various ratings of from 1500 to 5000 hp. Tractive-effort curves are avail-

able from the manufacturer, but in the absence of such data, the available tractive

effort may be calculated from the following fonnula:

TE= 308 X HP
V

where: TE = tractive effort in pounds

HP = rated horsepower of the diesel engine

V = track speed in miles per hour

The characteristics of the speed-tractive effort curves produced by this formula

for units of different horsepower are similar to the curve shown in Appendix D
taken from the Manual for a 2,000 horsepower unit; and for any given speed, the

available tractive effort is proportional to the rated horsepower of the unit.

At high sustained speeds the excess tractive effort available for acceleration

becomes an important element in any economic consideration because the available

horsepower decreases and the total resistance increases as the speed increases.

Therefore, additional power units may be required merely to accelerate the train in

the high-speed range at rates within realistic limits. Since the rate of acceleration

desired is flexible within certain limits, the related additional investment and operat-

ing costs should be weighed against the benefits gained.

The effect of high sustained speed upon the hauhng capacity of a locomotive

is graphically illustrated in Appendix B—Locomotive-Car Capacity at Various

Speeds. This graph also provides an approximate basis for estimating the economics
of increased speeds as they relate to power requirements. Based upon the data

shown, the hauling capacity of a diesel locomotive at 100 mph is about 25 percent

of its capacity at 60 mph, 33 percent of its capacity at 70 mph and 50 percent of

its capacity at 80 mph. Stated another way, a given train requires four times as

many units at 100 mph as it does at 60 mph and twice as many units as at 80 mph.

The selection of individual units within a particular type of motive power for

sustained high-speed operation affects the economic results. Generally speaking, the

selection of units having high rated horsepower results in lower costs per horse-

power for initial investment, operating costs and depreciation. However, increases

in speed above 60 mph up to ICO mph does not necessarily require replacement of

existing power units with new power. Most of the units presently used in through
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freight sersdce have gear ratios which permit a maximum speed of at least 55 mph,

and by changing the gear ratio, the maximum speed can be increased up to about

105 mph, providing other mechanical considerations do not impose a lesser

restriction.

The selection of individual units also affects the train service labor costs. Under

present labor contracts the compensation of enginemen is based in part upon tlie

weight of the locomotive operated, and the basic daily and mileage rates increase

for each 50,000 lb over 200,000 lb. A 1,500-hp unit with six-wheel trucks weighs

approximately 363,000 lb compared to a total weight of approximately 417,000 lb

for a 5,000-hp unit. Since three and one-third units weighing approximately

1,200,000 lb would be required to replace a single 5,000-hp unit, enginemen's com-

pensation would be greater for the units of lower horsepower. At the wage levels of

January 1, 1969 the increased cost would be in excess of 3 cents per train mile,

exclusive of fringe benefits, assuming operation without a fireman.

Freight Cars

At the end of 1968 there were approximately 1,800,000 freight-carrying cars in

service in the United States. The individual units comprising the total vary widely

in design, age, length, carrying capacity and type of construction.

The present trend when purchasing new equipment is to acquire cars best

suited to the requirements of the shippers. As a result of this pohcy, some of the

newer cars have special equipment or are of special construction designed to meet

the needs of a particular group of shippers or to haul a specific commodity. Many
of the newer cars have high carrying capacity. The present freight-rate structure

is in part related to high-capacity cars, and any diminution in carrying capacity

which might be necessary to achieve high sustained speeds could alter the existing

intermodal competitive relationship unless the rate structure were adjusted

accordingly.

The present freight car truck system, though currently under extensive study

relating to operation and maintenance, is capable of performing safely at speeds over

80 mph, which was one of the criteria in its development.

As indicated previously, a 94-ft-long high-cube car has been operated at speeds

of 90 mph on main-line track in a test run conducted by the AAR Research Depart-

ment, and one road is regularly operating TOFC equipment at this speed. In the

event the results of the studies by the AAR Mechanical Division indicate that it is

not practicable to opeiate present equipment at speeds higher tlian 90 mph, this

would appear to be the upper limit until such time as the equipment could either

be replaced or modified for higher speeds. The capital requirements necessary to

replace even half of the present fleet are of such magnitude as to preclude econom-

ical replacement over a short period of time.

Summary

The operation of freight trains at high sustained speeds requires investigation

and analysis of many elements. Some of the individual elements involve complex

combinations of interrelated engineering, mechanical and operating fields of inciuiry

which cannot be fully evaluated unless considered together. Therefore, if investiga-

tion of this subject is to produce meaningful results at the earliest possible date, joint

participation of the various departments involved is recommended.
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Saving in Minutes for Each 100 Miles as Speed Is Increased
FROM 60 TO 120 MPH IN Increments of 10 MPH
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APPENDIX C

Davis Formula

29 CAV-

R z= resistance in pounds per ton.

W = average weight in tons per axle of locomotive or car.

N = number of axles.

b = coefficient of flange friction—effects.

V = velocity of train in miles per hour.

C = drag coefficient of air (0.0017 for streamlined locomotives; 0.0025 for

other locomotives, 0.0005 for freight cars and 0.0OO34 for traihng

passenger cars )

.

A =: cross-sectional area in square feet of locomotives and cars ( 120 for

locomotives and 90 for cars).

Modified Davis Formula

R = 0.6 + -^ + O.OIV

+

W '
' WN

where

B = resistance in pound per ton.

W = weight per axle in tons.

N = number of axles per car.

V =: speed in miles per hour.

K = air resistance coefficient:

0.07 for conventional equipment,

0.16 for piggyback,

0.0935 for containers.
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Part 2

Special report on high-speed rail transportation

By W. B. O'SULUVAN

Staff Engineer, Federal Railroad Administration

U. S. Department of Transportation

FOREWORD

The first progress report on Assignment 9 of Committee 16 appeared in Bulletin

616, November 1968. This report discussed the dilemma confronting your committee

in carrying out its assignment in the face of a marked paucity of fact. At that time

it appeared that a useful service could be rendered the Association by summarizing

current and recent past investigative work bearing on the subject even though the

bulk of this material contained precious little reference to associated costs. Addi-

tionally, it was felt then that the creation of a topical bibliography would be helpful.

The passage of a few brief years, while not discrediting the value of this early

intention, did indeed reveal the domplexity of such an endeavor and the inap-

propriateness of attack by a group so structured as your committee. Moreover it now
appears that a reasonably comprehensive bibliography would occupy many pages

of the Bulletin, a space requirement disproportionate to the general interest of a

large portion of the readership. Partial dispatch of this obligation is offered in Refer-

ence 31 under which are shown titles and sources of three published bibliographies

containing a total of 150 pages of listings pertaining to high-speed ground transport.

This same time span, however, has not been wholly uncharitable in its treat-

ment of committee aspirations in this area. There now exists in this country a viable

high-speed train service which has given birth to a small but growing body of expe-

rience. Further, the work of a group within the Federal Government to produce a

comprehensive quantitative analysis of some of the long-range transportation prob-

lems of a major region of tlie Nation has recently been made accessible. Part of this

study supplies projected in-the-order-of costs for the conversion of an existing rail

line to support passenger train speeds of vip to 150 mph.

A very real uncertainty preceded the decision as to how to structure treatment

of the subject. One can readily succumb to the lure of the many fascinating tech-

nical aspects attending high-speed train operation and dwell overlong on a singular

facet, to the ultimate distraction of many readers. On the other hand, an in-depth

review of the entire field is equally unsuitable. Firmly guiding final resolution of

the problem is the impression that a large part of the potential readership, a Ijody

of diligently applied and pragmatic railroad engineers, would find most helpful a

siunmary type presentation; an identification of the unique components of contem-

porary experience, problems isolable and anticipated, and the pro])al)le economic

burden associated with overcoming these pro])lems. A strong eflort will be made
toward categorizing salient issues while, at the same time, resisting the urge toward

extended expository involvement.
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In the development of tliis report it is proposed to first, characterize the forces

that prompt the consideration of high speed ground transportation as a means of

affording rehef of certain well defined societal dilemmas, to then look at contem-

porary experience, here and ahroad, in order to determine if present trends portend

the likelihood of eventual relief and finally, to look at the projected cost-benefit rela-

tionships for various levels of improvement in the forms of modification of existing

rights of way and new construction.

From the fortuitous occurrence of events it is now possible to take a small but
significant step toward the discharge of this assignment; a step, in fact, which may
be happily substituted for the originally contemplated course of action. It is felt

that where the outstanding aspects of high speed rail achievement, present and near-

term future possibilities, are discussed in this report, further consideration of the

topic, within this reportorial context may be suspended for some years attending the

identification of new information.

The author of this report wishes to acknowledge the assistance of Neil Moyer,

of FRA's Office of High Speed Ground Transportation, in locating certain references

and in the translation of occasional particularly intractable material. Additionally,

an expression of appreciation is owed Steven Ditmeyer, of the same unit, for his

guidance through the mazes of stochastic analysis.

The author of this report assumes sole responsibility for the complete text. In no

way should the contents of this discussion l^e considered as representing an official

stance of the U.S. Department of Transportation's Federal Railroad Administration

with regard to events, concepts, or personalities dwelt upon in the text.

BACKGROUND

Even the most sanguine proponent of high-speed rail transportation would have

to admit that in the United States we are, at best, poised on the threshold of entry

into this domain. For the fastest service now available in this country the average

speed is somewhat over 89 mph for an entire non-stop trip. Since this discussion

intends to consider speed ranges much greater than this and because the whole

concept of high-speed ground transportation is not one on which everyone con-

cerned has evolved a unanimity of opinion, an examination of the forces urging us

in this direction would not be misdirected.

Train speeds of the order of 150 to 300 mph must presuppose the movement
of people rather than commodities. At this point there appears scant economic

justification for the enormous investment that would be required to move the bulk

of the nation's freight at these speeds. Conceivably, certain containerized merchan-

dise transported on vehicles of specific design might move at premium rates in such

a service. But, as a percentage, this would be a small fraction of the overall national

freight transfer. The prospect of rail-bound movement of the country's goods at

speeds in excess of 100 mph seems dim indeed in the forseeable future. We are,

then, scrutinizing the value of high-speed groimd transportation of people; is it

necessary and is it feasible?

In an examination of the first qualification the effect of certain well identified

sociological phenomena must be considered.

Through the compulsion of personal desire to enjoy the sometimes questionable

fruits of urban living and following the mechanisation of traditional rural employ-

ment opportunities, cities and towns have attracted large numbers of people. Cur-

rently about two-thirds of the population of the United States resides in urban
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The North«ast Corridor Transportation Project Region

Figure 1

.

places. By 1985, this proportion will rise to 80 percent with much of the increase

being concentrated in a few regions. Such a concentration of people into densely

populated socio-industrial-commercial matrices is a manifestation not indigenous to

this country. Rather, it is one evident on a world-wide scale particularly associated

with highly developed countries. The Tokyo-Osaka axis is an excellent example.

Other similar non-domestic alignments arc the Paris-Dijon-Lyon and Milan-Verona-

Venice agglomerations. In this country there are no less than 21 such regions iden-

tifiable and differing chiefly in their level of maturity. Specific examples would be

the Pittsburgh-Detroit, Chicago-St. Louis, Los Angeles-San Francisco, and Van-

couver-Portland axes. Perhaps the most clearly distinctive region illustrative of the

undisputed advantages and, simultaneously, the equally unchallenged social handi-

caps of this growth pattern lies contiguous to the Atlantic coast bet%veen the metro-

politan areas of Boston and Washington. To this section of the country has been

assigned the appellation, "Northeast Corridor"; its boundaries are oudined in Figure

1. Frequent reference to this specimen of the genus will appear in the following
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TABLE 1

PASSENGER TRAVEL IN THE UNITED STATES

PASSENGER MILES-BILLIONS NUMBER OF PASSENGERS-MILLIONS

YEAR AUTO AIR BUS RAIL AIR BUS RAIL

1950
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From these data one may readily isolate modal popularity with participation

guided chiefly by freedom of choice. Also evident is the paradox of modal imbalance

wherein the means of most economically transporting large numbers of people is in

a state of precipitate decline, and isurging ascendancy is patent for those means most

voracious in appetite for tlie dedication of land constantly increasing in value. The

following observations, relying largely on Reference 1 for statistical values, are illus-

trative of the economic implications of this distortion.

Estimates by the Bureau of Public Roads indicate that highway travel on inter-

city routes in the Northeast Corridor will almost double between 1965 and 1985 and

that approximately $2.5 billion will be needed just on the intercity portion of the

Corridor highway system. The total cost by federal, state, and local authorities of all

street and highway construction in the Northeast Corridor for the same 20 year

period is estimated at more than $33 billion.

These new facilities will have to be accommodated into what is already the

most heavily developed region in the country—14 percent of the Nation's total road

mileage is concentrated on less than 2 percent of the land area. The freeway net-

work alone in the Corridor now occupies an area equivalent to one-quarter of the

State of Rhode Island; the entire road and street network covers an area equal to all

of Connecticut, Rhode Island, and the District of Columbia.

The significance of such demands for space should be considered within the

context of land values in the Nortlieast Corridor, which have a mid-range of approxi-

mately $4,000 per acre in rural areas of one person per acre to $/2 million for urban

land at a density of 100 persons per acre.

More efficient use of the highway system would result from greater use of bus

transportation as a substitute for travel by private auto. However, tliere is little evi-

dence in the figures presented above that such a sliift is likely. Intercity passenger-

miles by bus have risen only slightly over the past 25 years. Although increases in

population, improved vehicles, and further development of limited-access highways

will probably result in a continued growth in bus volumes, the degree of relief to

highway congestion which this would represent would be slight.

In view of tlie fourfold increase in air traffic that will, within die next 20 to

30 years, be superimposed on what is now a virtually saturated airspace in this same

Corridor, certain solutions have been advanced.

Solutions which have been proposed include the construction of larger jet air-

craft and the separation of common carrier airports from general aviation airports.

Both of these responses will create severe problems of land use in heavily populated

areas, noise pollution, air pollution, and access to and from new airports. The cur-

rent minimum standards for an average jet port require 10,000 acres of land which

must often be taken from other productive uses. In addition, airport construction

is a relatively expensive activity. For example, estimates of federal and local expendi-

ture for 1967 amounted to $515 million on new airport facilities, with an additional

$120 million being provided from airline funds for improving existing facilities.

Growth of this pattern of air congestion, as it is apparent now in the Northeast,

is indicated in Table 2. Some idea of the magnitude of the anticipated costs in

attempting to cope with expected future, but near-term, ground transportation

requirements of a single large metropolitan region is shown in Table 3.

From this picture begins to emerge rather clearly the implications of economic

and social cost inherent in the established pattern of modal use imbalance. Presum-
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ably, it is fail- to submit the experience of one region having the characteristics of

the genre as representative of levels to which other less developed, but typical, areas

may one day arrive.

An ironic aspect of the cited experience is revealed when the increasing con-

gestion of air and highway facilities is contrasted with under-utilized regional rail

capacity of a fixed plant containing 12% of the nation's total trackage.

"

Up to now, the discussion has pursued an examination of the transportation

status quo in the Northeast Corridor as a pre-eminent display of like problems exist-

ing at various states of evolution in all similar dispositions of populations and com-

merce. Outstandingly, the chief characteristic distinguishing the result of free choice

of mode for personal transport is congestion. In answer to the first part of the ques-

tion earlier posed, high speed ground transportation of people is an evident neces-

sity if relief is to be obtained from the inhibiting influence of this congestion with-

out the requirement to commit large financial resources perhaps better allocated in

more socially beneficial ways.

At this point, a working definition of "high speed," as applied to conventional

rail operation, would serve a useful end. First though, one must clearly regard train

speed, whatever its maximum value, not as a goal of itself, but as a major com-

ponent of trip time. Railroad service, expressed as passenger miles or ton miles,

hopefully is a saleable commodity. Railroad passenger service currently—but with

a few notable exceptions—is an increasingly unrewarding market. Chiefly, but by no

means exclusively, this is due to non-competitive trip times. As a consequence, any

realistic definition of "high speed" in this context would fall out of a requirement

that, for a rail passenger service to be attractive enough to interest a potential user

and lure him away in large enough numbers to aff^ord palpable relief to other, for-

hire mode congestion, the total time it takes to accomplish a journey must approx-

imate that to which he has become accustomed.

Consider, as an example of the speed level being dictated by a trip-time goal,

the following. Until recently, Penn Central operated a non-stop Metroliner service

between New York and Washington having an elapsed trip time, station to station,

of 2.5 hours. About equally balanced, for either direction of this trip, there was,

until April, 1970, approximately 142 miles of track posted for 115-120 mph maxi-

mum speed for tliis type of equipment. If it had been possible to operate through

these non-contiguous portions of line at 150 mph, the total time saving would have

been 14.2 minutes, virtually one-quarter hour. This would have produced a trip time

of 2.25 hours. Taxi transportation within the central business districts at each end

of the journey may be expected to total 40 minutes.

Estimated flight time of a DC-9, New York to Washington, is about 35 minutes.

However, at peak hours, which happen to coincide with commuter rush periods,

it takes about 54 minutes to travel from nn'd-Manhattan to LaCuardia by cab and

20 minutes to get from W^ashington-National to the center of the District. Allowing

10 minutes to move through the flight check-in queue, the cumulative total elapsed

time would be 2 hours. From the data displayed in Table 2, it is seen that typical

aircraft delays of 28 minutes and 19 minutes may lie anticipated at peak hours at

LaCuardia and National, respectively. This hypothetical analog now presents a neat

comparison of almost identical trip times, rail vs. air, for the same journey. A sig-

nificant but non-(iuantifiable factor of rail reliability, both as to time and weather

dependent performance, might well now influence the user's choice of mode.
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One hastens to acknowledge the rudimentary nature of this representation.

Even so, it is descriptive of tlie process whereby a level of train speed may be
rationalized. It does not, at this point, consider the cost per minute saved of rail

route modification. Moreover, it does not consider the influence of factors other than

trip time in guiding the potential users choice of mode. But, from this discussion

and in the realization that most genuine high speed services overseas are constructed

on a cruising speed level of at least 125 mph, this figure may be regarded as a

minimum for definitive purposes.

An extensive review of the elements that form the motivation operative in the

choice of mode by the travelling public is outside the scope of this discussion. But
if, as has been indicated, transportation congestion does exist and the possibility of

relief via what, seemingly, must be a high speed rail operation is available, there

is an obligation to address the very real question of ultimate success of such a rail

venture, once brought to reality in the United States. Success, in this sense, is con-

tingent on substantial market response. Any attempt to entertain speculation on so

volatile a subject as the dynamics of prospective mode choice decisions is an enter-

prise surrounded by some degree of uncertainty. Nevertheless, there has been some
reasonably supported work done in the field and some interesting results reported.

Current market attitudes, which may be expected to continue into the future,

have been revealed in one such study.

^

1. Business travel emphasizes trip time and minimizes trip cost.

2. Non-business travellers, paying their own way, place heavy reliance on the

private auto.

3. The greatest source of open complaint of business travellers concerns access

to terminals, especially airports.

4. Schedule reliability is an important issue, but, since no one mode has any
great superiority, it does not now function as a choice determinant.

a. Airline schedule unreliability is deplored without resentment (ascribed

to factors beyond carrier's control).

b. Railroad unreliability arouses heated complaint.

5. Modal status and prestige, as viewed by the traveller—particularly the busi-

ness traveller, is a variable. Most commonly, a favorable image of air travel is held.

To the same extent, rail travel is regarded negatively.

6. There is a curious but not uncharacteristic ambivalence about tlie opinions

held by travellers with regard to risk of hazard. Fear of air travel is not uncom-
mon. It is an emotional feeling that can persist despite accurate knowledge of low
risk. Conversely, few people feel afraid of automobile travel although they know
of its risk. That rail ti-avel is by far the safest of the three modes (passenger fatal-

ities in 1969 per 100 million passenger-miles: rail, 0.10; air, 0.13; busses, 0.22; auto

and taxis, 2.30) seems to have little influence on choice of mode.

7. Another relative non-constant attitude concerns the so-called amenities of

travel: cleanliness, availability of food and drink, courtesy and personal enjoyment.

None of these categories elicits a positive image in the traveller's mind when asso-

ciated with rail travel except, notably, in the cases of the Metroliner and Turbo
equipment and a few "name" conventional passenger trains.

In tlie advancement of the foregoing it is realized that some of the points may
be part of current intuitive understanding. In this case, though, the element of

intuition is signally absent in that the statements flow out of a study based on very
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carefully structured interview techniques imposed on a sample population of 856

subjects selected with equal care. A very salient feature of this work is an evident

element of uncertainty likely to be attached to any attempt to quantify future

demands. As such, this is important as a constraint to be recognized by those con-

templating involvement in such activity.

As a corollary investigation in this area, a close scrutiny of traveller response

to the advent of the high-speed Metroliner service is an on-going task. A portion

of this work has been summarized for 1969 and, in a sense, provides the statistical

quantification indicative of how a market prompted by many individual needs and

desires responds to the availability of the most rapid intercity train service afforded

up to now.^

Table 4 illustrates a marked increase in the volume of patronage due to the

gradual phasing into service, in 1969, of the newly arriving Metroliner train sets.

The demand increase noted in 1968, as compared with 1967 was about 2% and,

doubtless, was influenced in part by the attention focused by public press accounts

of the then Pennsylvania Railroad's strenuous anticipatory efforts to upgrade the

proposed Metro route trackage. In 1969, however, the increase over the previous

year was 1%. The brief data on the Turbo operation between New York and Boston

is presented as information only and does not contribute to the instant discussion

because of the effect on passenger count imposed by the discontinuance of conven-

tionally equipped trains within the considered study period.

From Table 5 it may be seen that if a correlation is established between air-

craft passengers and Metroliner passengers on the bases of Family Income, Age,

and State of Residence, a close correspondence is apparent. From this one may
justifiably conclude that there is a very similar appeal, within these parameters, of

the attractiveness of the Metro service compared with that of the airlines. The
rather dissimilar relationship noticed on the basis of sex is heavily weighted by the

business traveller continuing his reliance on air transport to a large degree.

This correspondence of response, air vs. rail, is again apparent in Table 6

wherein the next-future-choice of mode is explored. Both high-speed train and

plane passengers tend to expect to re-employ their present choice to about the same

degree. A surprising relationship is noted in the apparent decrease in the expected

dependence on the private auto as a means of transportation. This must be viewed

as a possible reduction of city-pair trips compared with all destinations to which

auto transportation may be directed. As such, the establishment of a seemingly

favorable trend would appear to be evident. Whether this actually portends a sig-

nificant reduction in the now highly disproportionate utilization of the private auto

will be considered in a later portion of this discussion dealing, in part, with the

likelihood of success of various high-speed modal combinations in attacking the

problem of congestion.

There are several other interesting facets of modal use distribution in these

data, the pursuit of which may not, for the sake of conserving space, be conducted

here. For this reason, a close analysis of the data is suggested. A description of the

survey technique employed in gathering the data in Reference 4 is included in

Appendix I (see page 6.5).

Up to this point have been discussed some attitudes and social factors expected

to operate on the choice of an available mode of high-speed transportation and

which may, by extrapolation, be considered as applicable to similar situations else-
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Table $

SOCIO-ECONOMIC CHARACTERISTICS OF NBJ YORK-WASHINGTON AIRPLANE AND METROLINER PASSENGERS
July 7, 1969 - February 4, 1970
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where. Now it is appropriate to review the influence of these elements on utihzation

of the existing service as revealed in actual passenger counts. The load factor of tlie

Metroliner service since its inception on Jan. 16, 1969, until April 7, 1970, was 69.6

percent. During the week of April 1 to April 7, 1970, it was 88.9 percent. Total

passengers carried approached 1,200,000, each averaging a trip length of 150 miles.

So it would seem that, despite certain negative and seemingly contradictory com-

ponents evident in the market's view of rail passenger accommodations generally,

the service as offered has stimulated a rewarding response.

Once again, though, a note of caution is interjected in the consideration of

these data. An unknown, but probably smaller rather tlian larger, proportion of the

million-plus passengers would haxe travelled by train anyway, even if the Metro-

liner service had not been at hand. Further, pleasing as utilization has been, it still

represents the satisfaction of a very small percentage of overall travel demand within

the Corridor, and at its present level of development has contributed minimally to

a reduction of transportation congestion. An extremely valid question would inquire

into the effect of expanding and improving upon contemporary experience; would

such an effort yield material relief from the problem? And what would the requisite

level of future investment be to deliver a variety of incremental improvements? Just

such an inquiry has indeed been undertaken and reported on. Discussion of the

implications of this rigorous research is deferred in this text to that later segment

treating the Northeast Corridor Transportation Project.

CONTEMPORARY EXPERIENCE

Within the context of lirst, examining the scope of the problem of domestic

transport congestion and, then, the potential for amelioration through the provision

of attractive high-speed rail service, it would be of use to look at the fruits of present

experience and some of the imique aspects of the more advanced efforts outside of

this country.

As has been suggested earlier the phenomenon of urbanization is widespread

and the associated transportation problems are being addressed in many places.

There is a general overall similarity in the various approaches being pursued. Never-

theless, it is possible to isolate particular features that may be of interest to railroad

engineers here.

One thing that should be e\ident, if only through the device of subsequent

textual section headings, is that all of the foreign work described is being sponsored

by administrations that are responsible for the management of nationalized systems.

From this it would be expected that, to a varying extent, the activities of these

groups reflect the implementation of portions of national transportation policy.

United States

If a review of recent high-speed operational history in this country is to pro-

ceed it must be confined, perforce, to what is known in the public domain about tlie

performance of the Turbo and Metroliner equipment, as this service forms the only

true capability for high-speed train operation.

So far, this discussion has not dwelt at length on the Turbo service betAveen

New York and Boston for the reason that it is not considered a genuinely high-

speed service. The Turbos make the 229 mile run in 3 hours and 39 minutes which

represents an average speed of 63 mph for the trip, including four stops. There is
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scant eligibility in this to support the designation of high speed despite some route

segment operation at 110 mph. One should realize, however, that this relatively

leisurely service is the result of the restrictive nature of much of the track align-

ment indigenous to the route o\er which the two train sets run. In no sense is this

pace attributable to an innate lack of capability on the part of the equipment.

Indeed, one of these three-car train sets has attained the highest speed ever re-

corded in the United States by unmodified, commercially oriented equipment: 170.6

mph, achieved during acceptance trials on December 18-19, 1967.

Some very practical intelligence has come out of the nearly IM years of Metro-

liner operation.

J. W. Diffenderfer, in an address to the American Railway Engineering Asso-

ciation assembled in convention at Chicago on March 25, 1970, and reported in

the trade press subsequent thereto, stated: ".
. . Our problem is that the high-

speed operation requires far greater detail of surface and alignment than required

for conventional passenger trains and freight trains. Thus, the damage inflicted by

the heavier tonnage movements becomes more pronounced in terms of an uncom-

fortable ride at higher speeds . .

.""

Clearly, the translation of track induced vibrational energy through the sus-

pension system of what may be regarded as still new equipment to the point of

causing discomfort to the passenger implies a harsh environment in that region of

the equipment configuration where many vulnerable components must function.

Component dependability, not firmly established by a development program, is

further jeopardized by subjection to high levels of vibrational excitation generated

by the degradation of track profile and alignment to levels that, while manifestly

not unsafe, are decidedly undesirable for a high speed passenger service.

It has been determined that the parameter of track geometry to which the

ride quality of the 'Metroliners is most sensitive at high speed is cross level, particu-

larly cross level variations in curved track." Following closely in effect on ride quality

are variations in alignment. Variations in gage, within a range normally encountered

in well maintained track, appear to have little influence on ride quality. Deviations

in profile of the type commonly associated with jointed track do not induce pas-

senger discomfort at high speed. Rather, they are a source of annoyance in the

creation of a disturbing car interior noise. Interestingly enough, short wave length

corrugations give rise to resonant vibration of car interior paneling which can be

distracting. Approximately 35% of the PC main trackage over which the Metroliner

operates contains bolted rail.

The rugged environment beneath the cars is not composed solely of vibra-

tional input. Since the only attempt at streamlining the equipment is seen in the

slight fairing noted at the train set ends, there is, at high speed, considerable aero-

dynamic activity around the cars. This effect has caused high velocity impingement

of ballast particles on car components beneath the floor and a consequent mortality

to function. Intrusion of fine material into inadequately sealed enclosures has also

been a source of trouble.

These, then, are the points of interest visible to those of tlie engineering persua-

sion from a scrutiny of domestic high-speed experience:

1. Rather severe penalties, applied through the compromise of equipment

dependability, are incurred in the absence of a precedent and thorough

R&D program.
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2. Initially high standards of guideway geometry must prevail and continue.

Without resort, at this point, to quantitative standards definition, suffice

it to say that the image of the best track that can be visualized by a

practical maintenance engineer probal^ly lies in the lower half of the

spectrum of acceptability.

3. The indiscriminate intermixing of high-speed trains, the maintenance of

which is perhaps within the control of a single administration, and revenue

freight consists, composed of vehicles representative of a wide span of

design characteristics and upkeep practices, creates a track maintenance

burden, the extent of which is not clear at the moment.

4. Interlockings, not surprisingly, can be isolated as the greatest offenders

in the introduction of adverse vibration to high-speed vehicles. That this

should be recognized domestically is no technological breakthrough; wit-

ness the mo\'able nose frog developmental work now in progress in Great

Britain and Japan.

In connection with Item 3, above, should be mentioned the not always sepa-

rated categories that must be considered when contemplating the economic burden

introduced in attempting to maintain railroad track for use by both high-speed

passenger and conventional freight trains. Summarily, there are the elements of

accelerated curve wear (low rail) associated with the negative unbalance felt by
slower freight equipment and the prompt deterioration from the requisite level of

profile and alignment once the movement of substantial freight tonnage is intro-

duced. It is hoped that e\'entua]ly firm cost data reporting on each of these will be

available, but presently there is nothing on which to base supported conclusions

l:)eyond the statement of an earlier reference: ".
. . The heaxy freight trains and

high-speed locomotives of conventional passenger trains inflict far more damage
upon the track and the roadbed than do the Metroliners . . . and is therefore

translated into higher maintenance costs. . .

."'' Graphical confirmation of this last

statement is included as Appendix II (see page 67) and is the result of study

progressed jointly by Penn Central and the Federal Railroad Administration late

in 1969.

What this really devolves to is: can conventional railroad track, as the term is

applied in the United States, be economically maintained even as a high-speed

routeway uncontaminated by freight usage. The question is open—under active

investigation here^ and answered in the negative by engineers of many foreign

systems.

French National Railways (SNCF)

At the present moment SNCF is operating trains over specific route segments

at 125 mph. Between Les Aubrais and Vierzon on the route, Paris to Toulouse,

trains of the prestige Le Capitole service run at this speed for 47.5 miles. It is the

intention of SNCF to expand the number of route segments of this line and others

over which speeds in this order will be permitted. As is the case with most fixed

plants constructed in the last century, SNCF is constrained by route alignment in

its attempts to increase speed by a large increment over substantial route mileage.

This is one of the reasons why active consideration of new-line construction is

lieing given for a successor route, Paris to Lyon.

Tliis new line, if built, will be 235 miles long between its junction points

with present routes. Rail will be 132 ll)/yd on concrete tics, the spacing of which
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is not clear. Planned depth of stone ballast beneath the ties is 13.7 inches, and

particular attention is directed to the provision of an enlarged ballast .section profile

at the tie ends to augment resistance to transverse forces applied to the rail. Hori-

zontal alignment will include curves having a minimal radius of 1.3,000 ft. Vertical

curves will have minimum radii of 39,000 ft. It is interesting to note that the high

power requirement envisioned for rapid train acceleration is considered adequate to

overcome, at full speed, grades of 3.5% (length not specified). Unfortunately, the

envisioned level of requisite track geometry is quantified only in terms of the oscillo-

gram output of the SNCF track measuring car fleet and, as such, is not amenable
to tabular listing in the usual mid-ordinate value form. Contemplated train speed for

this line is 188 mph.'"

Train velocities in this range are e.xceedingly close to the 20% below critical

speed of 198 mph postulated by Matsudaira in 1966 for trains drawing power from

a catenary system. However, in the case of the planned French service which will

be powered by gas-turbine locomotives, this limitation does not apply and may be,

for the moment, replaced by one representative value at wliich the adhesion of

powered wheels is balanced by train resistance. For New Tokaido line equipment

this has been extrapolated to approximately 230 mph. In a practical sense, this limit

must be something less and becomes a measure dependent on the refinement of

track geometry coupled with the suspension characteristics of the vehicle. In the

case of the equipment operated on the New Tokaido Line, these trains could run,

hypothetically, at 217 mph over a track having a maximum vertical error of 0.078

inches in 32.8 ft.^*^ The ruling parameter, then, is seen to be economically achievable

track quality as a function of a given gage width. To soften a suspension in order

to accommodate larger track geometry error introduces vehicle instability that is

compensated for only by extending the distance between the points of support, the

wheels in this case. Otherwise, roll response sooner or later becomes critical.

Except for a higher planned speed than has been suggested anywhere else

overseas, there is nothing singular in this anticipatory planning for, as will be seen,

similar projections are underway in several other places and, in the case of Japan,

the New Tokaido Line exists as a palpable fact. What is noteworthy is the opinion

of qualified French engineers that cross-tied track will be adequate to sustain,

comfortably, trains operating in this speed range.*"' This position has been estab-

lished as a result of careful preliminary investigation over a period of several years.

A most interesting aspect of this work to American railroad engineers lies in the

reliance of the developmental approach on the cross correlation of vehicle-track

parameters and in the use of continuous, real track deviation measurements, as an

essential input to the design of suspension for a proposed vehicle type.

One notes early in the technical literature covering the SNCF, the British Rail

work to be discussed below and, indeed, much contemporary activity dealing with

vibration response to random excitation, a dependency on the technique of spectral

analysis in order to identify the nature and influence of functions of interest. This

analytic method, refined in reaent years, is one in general use now in any area

involving the study of bodies moving on a continuous, randomly varying support,

and is one, reference to which the native railroad engineering community will en-

counter with increasing frequency. Realization may occur to alert individuals that

a familiarity with this technique and its implications will become a necessary part

of the background of the well-informed railroad maintenance engineer in compre-

hending the origin of some of die factors that can affect the nature of his daily
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work. This is anticipated as not being an analytic method to which an engineer

may turn in seeking a description of discrete track faults but, rather, one which

will enable the comparison of a given section of track with itself as a means of

estabhshing rate of change with time. More important though, is the ability of the

procedure to isolate alignment, profile, and cross level variations having a potential

energy input of interest or concern to vehicle suspension designers.

(It is a matter of more than casual curiosity that people in the Canadian Na-
tional Railway Research Centre are now trying by means of spectral density analysis,

to estabhsh the unique "signature" of various track conditions, the symptomatic

evidence of which has been recorded by their track geometry measuring car.

)

The utility of successfully correlating cause with effect in an objective way is

plain but success will not come easily nor completely, it is feared.

In the specific case of SNCF, Mauzin type track measuring cars have been

employed to record on magnetic tape continuous signals analogous to the loaded

profile, horizontal and vertical, of the track over which the measuring equipment is

operated. In the subsequent processing of the data, it has been possible to identify,

to a great extent, the spatial frequency and wave length of variations in the

parameters examined. It is not made too clear in the literature what the relative

state of the track was when the measurements were made. However, as some of

these measurements were made on the 125-mph Les Aubrais-Vierzon sector, one

infers a high initial condition of repair. This is a concrete application of the tech-

nique in providing to the vehicle design phase a measure of the actual vibration

environment in which the equipment is expected to operate.

From an extended series of investigations French engineers have estabhshed

to their satisfaction the levels of stress that cross-tied track will economically and
safely resist. From the measurement of track quality, the production burden of

which is considered economically supportable, they have further determined that

reasonable extrapolation of this degree of vibrational excitation may be safely and

comfortably negotiated by high-speed vehicles, the description of which lies within

present design capability. Hence, the conviction that contemporary track design

concepts will suffice for a future commercial service cruising at a speed of 188 mph.

Original construction costs of this new Paris-Lyon line were estimated in

January 1969 as being, in total, either $212.8 million or $217.26 million, depending

on the route location options exercised. This has been reported as $870,000 and

$900,000 per route mile, respectively.'^"

In the context of maintenance, the cost expected to attend the requisite level

of alignment and profile is estimated at 5600 FR per mile."'' Literally, this sum
is equivalent to $1000 per track mile. In adjusting for the cost differential for serv-

ices performed in the United States similar to their French counterparts, a fre-

quently used multiplier of 2.5 produces a domestic equivalent cost of $2500 per

mile for surfacing and lining, solely and apart from other maintenance of way costs.

It is not clear whether this figure represents a repetitious operation or, which is

dubious, the assignment of large numbers of men to the work. In any case, consider-

ing the usual crew size applied to this type of work in the American railroad in-

dustry and that completion of a mile per day of surfacing and lining is a conserxative

reflection of the state of the art, the SNCF requirement seems rather excessive.

Conceivably, the work equipment amortization cost is included. If this is so, com-

bining for these purposes an arbitrary 5-year amortization period for equipment

having an aggregate first cost of $250,000, a 160-day annual work season and a 1-
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mile daily accomplishment yields an equipment depreciation cost per mile of $312.00,

a minor fraction of the total cost per mile.

While SNCF is quite firm in the belief that con\entional track desijjns will be

botli technically and economically sufficient for the proposed Paris-Lyon high-speed

route, it has been shown tliat similar faith is difficult to sustain in the United States,

particularly from an economy viewpoint. The ride quality problems of the Metro-

liner grant rudimentary insight into the necessity for a highly refined level of

profile and alignment, and SNCF's own analysis of expected future maintenance

costs associated with this degree of track geometry perfection would scarcely survive

the ocean voyage if they were, of necessity, to be applied here to a purely private

venture.

SNCF has just as firmly rejected the concept of rail support by concrete slabs

or beams on the grounds of no technical requirement and a construction cost of

2-3 times that of conventional track. Quite unlike many other administrations,

foreign and domestic, SNCF appears to have no internal field trials directed toward

slab or beam track although they are participating in the joint ORE-British Rail

venture at Radcliffe-on-Trent in England.

Treatment of the SNCF outlook has been somewhat specific in an illustrative

way. For greater understanding of maintenance costs associated with high-speed

Continental rail operations. Reference 27 presents the viewpoint of the West Ger-

man Federal Railways (DB) in some detail. This material is explicit in its treatment

of construction and maintenance costs as a function of train speeds to 125 mph,
and consideration of it is recommended.

Japanese National Railways (JNR)

In a perusal of the JNR high-speed eftorts one is confronted with a near em-
barrassment of riches in source material descriptive of the physical detail of the

operative New Tokaido Line (NTL) and the under-construction extension, the

New San Yo Line (NSL). In a most admirable fashion, the engineers of JNR and
its affihates have reported over the years on their intentions and the fine research

supporting tliese purposes.

By common understanding, JNR is in the van of the advance into the era of

high-speed commercial rail transportation. In that the literature descriptive of these

accomplishments has had widespread distribution in tlie United States, it is felt

that a close scrutiny of specific details of either the NTL or NSL would be

redundant. It would be more useful if a short summary of physical characteristics

of each line and die essential differences leads into a consideration of guideway
performance and associated costs.

This is a more difficult course to follow because of the scarcity of critical analysis

of performance in the prolific literature uttered by those closest to the scene.

For example, consider the pad between the rail and concrete tie as a signifi-

cant contributor to satisfactory track structural system performance. The pad used
in the NTL is a rather stiff one having a spring constant of slighdy in excess of

500,000 lb/in (90 MT/cm).'" Reportedly, JNR has backed away from this value

for the NSL, but the reasons for this change are not made clear.

A further illustration is provided by the same commentator in connection with

the embankment criteria developed for the NSL." In order to avoid the severe em-
bankment settlement problem that plagued the NTL during the first year and a
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half of operation, a different soils engineering approach has been employed. Letting

the reporter's statement convey the thrust of this re-aligned approach: "Regarding

settlement, we are restricting the settling speed within 5 mm (0.2 inch) per month
in the incipient stage of commercial operation and to limit the total settlement from

completion of the embankment to the completion of the settlement to 300 mm
(11.8 inches)."

This is truly an astonishing ultimate value. The implication is of a grim em-
bankment foundation condition in the areas where this amount of subsidence is

expected to occur. Japanese engineers are, without a doubt, aware of the benefits

of surcharging. Why has this technique not been adopted and how is the predicted

rate of early settlement to be controlled? Answers to these questions would be most

useful to know.

One can only hope for the guidance of greater future professional candor from

those who have acquired experience to others about to assume the charge. Mean-
while, abetting what is available by means of inference and non-JNR sources, some

body of understanding may be accumulated.

At the end of this JNR section there appears a tabular summary of the essential

physical differences between the NTL and its successor, the NSL. That there is con-

templated no outstanding change in the original NTL track design, other than an

increase in the size of rail, implies satisfaction with the present reliance on concrete

ties and double elastic rail fixation. This is important, for if NTL is a prototype

and NSL the first production model, so to speak, it means that JNR have not yet

resolved their opinion on the matter of conventional track designs as opposed to

slab or beam support for use in the national network plan in that further experi-

mental rigid track support is to be installed in NSL. This planned high-speed

(156 mph) trunk network is envisaged as including 2500 miles of new double-

track route at a cost of $2.08 billion.^- Doubtless before so large an undertaking

proceeds much further, a firmer position on the tie-slab controversy will be adopted.

In the matter of maintaining this type of concrete-tie track that its progenitors

have, so far, found satisfactory, information bearing on its current maintenance

costs has been elusive. One commentator has said that the annual maintenance of

way force on the NTL in 1965 was 1.80 men per mile (2240 hrs/km/yr). In

1966 this reduced to 1.44 men per mile." In 1966 the earlier high subsidence rate

of subgrade levelled off to relative stability, so this trend of diminishing manpower
could be expected to have been arrested if not reversed by the aging of the track

under service.

Another source, still reporting on experience in 1966, states that tlie 322 route

miles of double track required that personnel accomplish 2560 miles of surfacing

and spot tamping, 680 miles of lining, and 481 miles of vertical rail hold-down

bolt tightening."

Clarity is lacking in a definition of causes to which to attribute this mainte-

nance burden. Is it the demands of a rigorous track geometry error tolerance level?

Do the equipment suspension characteristics require an overly refined level of track

geometry in order not to exceed, at speed, the ride quality criteria established by

JNR for car interiors? One cannot say.

One thing is plain, though, and that is that JNR has given the closest scrutiny,

analytically and experimentally, to the concept of l)allastless track. The original trial

installations (3) of stub wood ties on concrete slabs in the NTL have proven un-

satisfactory. More elaborate designs were develojied and installed in two locations.
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Experience with these has been satisfactory and furtlicr trial installations are planned

for the NSL.^" The higher first cost of rigid track support systems as compared with

the construction costs of new conventional track breeds a lack of complete en-

thusiasm in railroad engineers around the world. Nevertheless, there is much investi-

gative work pointed in this direction. In addition to the JNR installations, like

studies are currently underway in Britain, Germany, Czechoslovakia and the USSR.

Summary of Certain Variables
New Tokaido Line Compared With New San Yo Line
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Equally intensive is the training of technical personnel for service with SZD
and the measure of and value to the organization of rail research. There are now

12 institutions of higher learning devoted to the professional training of future em-

ployees of the system. Of this number, tliere are currently over 9000 engineers-in-

training. Railway technicians are now being trained at more than 70 technical

colleges.

Research is directed by the Scientific Research Institute for Railway Transport

of the USSR. The reported scope of investigation supported by this organization

appears to embrace nearly every problem area familiar to western railroad opera-

tion. Illustrative are train braking in extreme cold (—76°F), assessment of residual

service life in rail and fittings anticipatory of failure, and the creation of two

closed-loop test tracks, one outside Moscow and the other in the Caucasus. The

first of these two installations carries out daily service loading tests of conventional

track and fittings and includes an "obstacle" with which full-scale cars are collided

at speeds up to 16 mph. The second is dedicated to research on vehicles and tracks

for high-speed trains. The U.S. Department of Transportation intends to start con-

struction on a single facility, combining the general attributes of both of these

installations, this year in Colorado.

Truly, in contemplating the apparent totality of SZD research, one is reminded

of that most common of World War II graffiti, latinized herein, in view of the

solemnity of these proceedings, to: "Kilroyus erat in hoc loco." One should remem-
ber to substitute a suitable Slavic cognomen in place of the named, mythical Gaelic

activist.

A listing of many of the current projects of SZD research is disclosed in Refer-

ence 19.

It seems almost axiomatic that such an energetic enterprise would have evolved

information of use to the domestic railroad engineering fraternity. And this is in-

deed the case; many of the experimental ventures contemplated here, particularly in

connection with research directed towards improving guideway stability for high-

speed trains, have already been accomplished in the USSR. There now exists in the

Moscow-Leningrad main line a test specimen including direct fixation of rails to

concrete slabs and parallel beams both in tangent and curved track. This is a pre-

cursor to the AT&SF-FRA Kansas test track for which the first contract was let

in June of this year.

The difficulty lies in trying to gain an intimate knowledge of what actually was

done. There are two causes for this:

First, even though there is a surprising amount of material readily available

through commercial outlets specializing in the distriljution of Russian literature, it

exists as original text and, as such, is not as commonly translated as are some other,

more familiar languages for which technical translation skills are more conveniently

accessible. A corollary to this is that the demand for translation is less pressing.

Second, while the amount of material at hand is gratifying, at least quanti-

tatively, it is so in a relative sense only. The quantity is by no means comparable

to what is available from Western Europe and Japan. Basically, this is brought

about by the importance, to the management of that nation's affairs, of the USSR
rail network as an essential component in strategic security planning. From tliis

point of view and in the light of other political factors not germane to this text,

the prospects for unlimited flow of information are bleak.
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Thi.s awkward form and slender measure of technieal discussion emanating

from the Soviet Union is distressing, for it represents denial to American railroad

engineers of the experience of an enterprise that by its sheer magnitude in both

operation and research almost inevitably must have developed a level of perception,

an awareness of whicli would be useful here. There is concern in the Federal Rail-

road Administration with tliis situation. Preliminary work is underway within that

organization which, if completed as planned, will constitute an early phase of what

may be regarded as a reasonable first stage resolution of the problem. Progress

is less tlian meteoric though, due to Inidgetary and personnel limitations. As a

matter of interest, it should be noted that this work is just one segment of the

larger matter of establishing a central source of information and data bearing on

the total area of transportation of which the rail mode is simply one division. The

need for such a facility is patent and, once again, progress toward fulfillment is

dependent on funding and tlie availability of personnel for assignment to the task.

British Railways (BR)

In the United Kingdom, as in the USSR, there are presently no commercial

operations requiring 125 mph train speeds. Just as SZD has plans for eventual

operation at or in excess of this level so, similarly, does BR. More is known about

the thinking that counsels the BR effort and there is much about this direction that

is noteworthy.

Of particular interest to American railroad engineers is the distinctly singular

BR position that, beyond a certain rather refined upper threshold of track geometry

deviation tolerance, high-speed equipment must include a guidance and suspension

system capable of accommodating itself to errors of profile and alignment. This

concept has a rational basis in the difficulty and consequent cost of producing track

quality beyond a point that BR has identified as necessary for the adequate support

of passenger trains running at 125 mph.

Equipment has now been designed for running at 150 mph and has been

designated as the Advanced Passenger Train (APT). "The suspension is designed

specifically to handle British Track and to run without flange contact on all curves

on the main lines of British Railways."-"

This equipment is expected to utilize power-operated active roll control as an

alternate to the older concept of passive, gravity actuated, pendulous suspension

employed in the Turbo units, to negotiate at speed relatively unmodified or exist-

ing superelevated curves without the build-up of passenger distress due to high

levels of unbalance. Passing mention should be made that SNCF is, likewise, pro-

posing active roll control for the turbine-driven, articulated equipment intended for

service on the new Paris-Lyon line. Basically, it is felt that gravity reactive roll

compensation has too sluggish a response time and that passengers will be sub-

jected to uncomfortable lateral forces at points of cros.slevel-alignment transitions

marking the ends of easement curves. The responsiveness of powered roll control,

having itself a system impedance, may approach the ideal if track status evaluation

is performed ahead of a unit for which adjustment is to be initiated. This course

is under investigation by SNCF.^^° Naturally, one wonders about the source of ad-

vance information to be applied for the lead vehicle. Gas-turbine-powered trains

on the SNCF will have a unit at each end of a train entirely devoted to containing

the train's motive power. Present opinion holds that these cars, not being occupied
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by revenue passengers, may be allowed to experience the larger lateral forces that

will develop in unbanked vehicles. However, in the case of the lead unit, the en-

gineman's seat, in a way not clear, will be tilted."^''

A person's work in this whole field can provide great intellectual enjoyment

but it's not often that an element of humor intrudes. Consider, though, the hypo-

thetical plight of an engineman ensconced on such a chair in the event that an

errant logic module in the circuitry controlling the chair's glide path, so to speak,

reads up for down or, as is more likely, this remarkable seat is gimbaled and, by

chance, finds its natural frequency synchronous with a transient but prolonged

oscillatory motion of the vehicle.

For the APT, rapid acceleration and reasonable power plant size, despite the

large horsepower requirement per ton dictated by 150 mph speeds, is achieved

through light metal, stressed skin vehicle construction. Weight is consequently kept

to the minimum necessary to confer stability in cross-winds when running and still

retaining standard gage.

The unique concept of avoiding all flange contact is a wholly British Railways

Research Division contribution to the state of the art and, if brought to fruition

—

as experimental evidence would seem to guarantee—represents a pronounced step

forward in arriving at control of hunting, provision of added passenger comfort

during high-speed running, reduction of wear rates of rail, wheel and vehicle com-

ponents and diminished power requirements. Essentially, guidance is achieved by

the creep forces acting on the wheel treads, tlie configuration of which has been

very carefully determined. The suspension must control the tread forces which

guide the vehicle along the track. Fundamentally, this is a feed-back control problem

in the stabilization of lateral motion, the perfection of which forms an important

part of the BR research work in this area.

From this elegantly conceived and executed developmental effort, which has

been periodically reported in the trade press," BR will in all probability realize a

handsome success, both in satisfaction of domestic requirement and in the creation

of a commercially viable venture in overseas trade. The approach to the progress

of the overall investigation, considering as it has the symbiotic interaction of track

and vehicle characteristias, recommends itself to studious review by similarly applied

personnel in this country, not only in connection with future high-speed endeavors

l)ut also for present-day application. The statistical analysis of randomly distributed

BR track profile errors, as reported by Gilchrist,"'' constitutes an in-put to the AFT
suspension design phase. Similar track data covering a wide range of domestic main-

line track condition, is available through the U.S. Department of Transportation.

To date, demand for access to this information has been negligible.

What BR considers as adequate track geometry for conventional passenger

trains operating at 125 mph and to which APT must conform when running at

150 mph (and above in the so-called "stretch design") is presented in Table 7,

which also displays, for comparative purposes (where possible), the geometric

standards initially formulated for the Japanese National Railroad's New Tokaido

Line (NTL) and follow-on New San Yo Line (NSL). Additionally, as a matter of

potential interest are included the tolerances that were established for the so-called

Test Track active on the Pennsylvania and subsequent Penn Central Transportation

Company's Main Line 3 between County and Milham interlockings (21.2 miles) in

New Jersey in 1967-68 and for the proposed FRA linear induction motor vehicle

test track to be constructed in Pueblo, Colo., this year.
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In a consideration of the data displayed in Table 7, specifically the "Warp"

column, it will be seen that the target levels for BR and the NSL differ markedly

even though minima are equal. Assuming that experience and analysis have led

these two organizations to establish realistic guidelines, one may then infer tliat the

suspension of the higher speed APT will be so designed that less stringent require-

ment will be demanded in the provision of field geometry applicable to this impor-

tant parameter.

Track designs expected to provide an adequate measure of track geometry will

be based on the use of continuous welded rail (113.5 lb/yd), prestressed concrete

ties, the elimination of virtually all joints (turnouts and insulated joint locations

included), the use of jointless (overlay) signal circuits, and if current tests are

satisfactory, the movable or swing nose frog.^** The benefits from this last are dual

in that the vertical impact of the frog flangeway gap is eliminated and the often

substantial lateral shock imparted to wheels by a frog guard rail is avoided.

During the summer of 1969, BR was afflicted by a rash of incidents (and

accidents) involving the lateral displacement of track due to compression stress

build-up in continuous welded rail. Administrative concern over the issue was in-

tense, and corrective measures involved not only the restoration, where slack, of the

ballast section, but the subsequent out-of-face mechanical compaction of the new
(and older) material. For this work BR ordered 20 new track-mounted machines.^

In the United States there is little attention paid to this facet of track mainte-

nance. A consequence of this disinterest is revealed in the derailment statistics, par-

ticularly in association with displacements occurring after general track raises.

Railway Track and Structures in October 1968 reported on the experimental use

by the, then. New York Central Railroad of an in-house-developed machine that

provided some unquantified level of compaction to the ballast shoulders only. No
further mention of success or failure of this tool appears in the trade press nor is

there mention of any similar activity elsewhere. Common reservation expressed as

to the inapplicability of the concept to United States maintenance practice is usu-

ally based on the foreseen interference of random tie spacing and tie skewness to

the use of compaction inducing plates of some fixed size. This is a curious scruple

in view of the availability of one type of proprietary machine that is specifically

designed to overcome this difficulty. Without belaboring the issue here, one ventures

that, in due time, American railroad maintenance engineers will elect to give more

serious regard to a technique that has general acceptance elsewhere.

What British Rail expects as costs in connection with the provision and mainte-

nance of track for 125 mph running may be reasonably inferred from the following

abstract:""

a. Cost per mile, new:
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In this case, the cost for similar ser\ices performed in the I'nited States is

given through the use of 3.0 as a multipher. The dollar amounts, above, are literal

values equivalent to the Sterling figures cited by the source. For comparable costs

in this country employ the multiplier.

Further insight comes from the reported required surfacing inter\al of 1.5 years

for similar 90 mph track carrying in excess of 18 million tons annually.

It is interesting to compare rail life with traffic intensity in these data. Clearly,

there is a dissimilar gross tons per train relationship operative when the British expe-

rience is related to domestic requirements. Assuming rail life as an indicator of sim-

ilar tonnage history, then the 17 year life level might be considered as representing

that durability expected in fairly heavy domestic service. To maintain track of this

nature in the United States in the fashion that BR demands for 90 mph (and above)

would require the allocation of $4400 per mile primarily for restoration of profile and

alignment. Rail holdown adjustment may be neglected, it is assumed, in light of the

widely heralded BR slogan of "fit and forget."

It has been shown, so far, that that there are several administrations at the verge

of entry into the realm of train speeds of 125 mph or higher and one manifestly well

within this domain. All profess or exhibit reliance on strengthened conventional track

designs for the guidance and support of high-speed trains. At the same time there

are industrious but ambivalent investigations into what are often referred to as non-

conventional support systems: portland cement concrete beams and slabs, reinforced

or prestressed, and in one case installed in conjunction with an asphaltic concrete

pad under-layment. A spokesman for one administration is very plain in stating that

there is no economic justification for spending 2/2 times the first cost of conventional

track in order to procure a more rigid support. This same management is participating

in the BR-ORE (Committee D87) "paved track experiment" in Great Britain."" One
cannot fault the logic of weighing costs versus benefits where the full extent of both

are known. One senses in the variably tentative encouragement afi^orded these

advanced concept investigations a very real concern as to future labor costs asso-

ciated with the maintenance of both vehicle and guideway if conventional track

designs are to be relied upon for high-speed train operation in years to come. It

should be a matter of great interest to native railroad engineers to observe and,

perhaps, participate in the resolution of this quandary.

Canadian National Railways (CN)

In concluding this rather subjective sampling of activities outside the United

States a quick look at the CN Turbo service between Montreal and Toronto is in

order.

As an Appendix to the AREA Committee 16 report contained in Bulletin 616,

a break-down of cost incurred by CN in up-grading the track, structures and right-

of-way in anticipation of this service was presented. Shortly following initiation of

service in late 1968, a series of mechanical disorders forced the withdrawal of the

entire fleet of five 7-car train sets for what evolved into extensive modification.

On May 25, 1970, revenue service was resumed with three complete and mod-

ified train sets on a rotating basis for two round trips per day (one idle). Upon com-

pletion of the current CTC program, trip time will be 4 hours and 05 minutes for

the 335.6 mile distance.

Maximum speed for this service is set at 95 mph by fiat of the Canadian Board

of Transport Commissioners. There is a regulation in effect that limits the differen-
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tial between fast freight train operation and otherwise higher train speeds to 35 mph.

This is based on grade erossing approach circuit length and the intention to restrict

dehiy to motor vehicle traffic that could be brought about by the actuation of cross-

ing protection by slower moving freight traffic where these ringing points could he

necessarily distant from the crossings for much higher passenger train speeds. A solu-

tion to this problem would lie in the use of selective protection activating devices.

Under the present circumstances, this may be an overly expensive option.

In the context of high-speed operation, this is a modest endeavor. There is

great promise inherent though. The equipment has been produced by the same team

that produced the Turbos referred to in the earlier discussion of PC high-speed

experience and may be considered as very similar although the train sets are longer

by four cars. The present 95 mph restriction on this operation in no way reflects

a lack of capaliility on the part of the equipment to attain higher speeds.

If the understandable deference to and indeed apprehension of the general

grade crossing situation can be resolved, the CN enterprise may prove to be a sig-

nificant informational contributor to the solution of a problem now paramount in

the Northeast Corridor: can an attractive, high-speed rail service significantly

improve upon the region's endemic and growing transportation congestion.

DOMESTIC HIGH-SPEED RAIL RESEARCH

This compilation of items of technical and economic interest in association with

current or near future high-speed rail operation can be completed with a descrip-

tion of the characteristics and costs connected with two high-speed rail research

tracks sponsored by the Federal government through the Office of High Speed

Ground Transportation.

The first of these, the so-called New Jersey Test Track, was a 21.2 mile portion

of the then Pennsylvania Railroad's main track No. 3 between County and Millham

interlockings in that state. No. 3 track, of a four-track, electrified main line. New
Brunswick to Trenton, was heavily upgraded in 1966 to the geometric standards

shown in Table 7 (see page 32). The nature of this rehabilitation work and costs

incurred are listed by categories in Table 8. Upgrading was carried out by PRR per-

sonnel on what was, in reality, a track completely adequate for the contemporary,

conventionally equipped service having, then, speed maximum of 60 nipli, freight,

and 100 mph, passenger. In that it was then expected to operate trains in test over

this track at speeds exceeding 150 mph, the belief was that the track supporting such

train velocities must be as strong as possible in order to resist the forces creating

dynamic deflection surpassing the established geometric tolerances.

The particular site of the test track was chosen because of its favorable align-

ment, absence of grade crossings, a minimal number of interlockings within which

it would be difficult to maintain the requisite geometric tolerances and few o\'erhead

structures requiring modification of catenary approach gradients. As it was intended

to test equipment dependent on remote power generation as well as other types

having on-board power sources, the test track was of necessity established in an

electrified territory. Other locations on the PRR route. New York to Washington,

could have met the criteria listed above but each lacked the useful multiplicity of

main tracks and flexibility of signaling present in the chosen site.

I'pon completion, this facility provided a test bed for the acceptance trials of all

Turbo, Metroliner and DOT Hail Research Car e(|uipm(nt, all of which were
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TABLE 8

COST OF UPGRADIfC TEST TRACK NO. 3

NEW BRUNSWICK-TRENTON

(21.2 miles)
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required to exceed 150 iiiph during trial runs. High-speed (154 mph) track geom-
etry data acquisition runs were also successfully conducted on this segment of track

as were pantograph-catenary studies in connection with the then developing Metro-

liner fleet.

An interesting aspect of this work lies in the early recognition that there was
virtually no change in the deflection of this particular track at the time measured
over a wide range of train speeds. The geometry of the track remained substantially

unaltered under load between, say, 100 mph and 150 mpli. In truth, looking at

under-load geometric response alone strongly inhiliits complete understanding of

dynamic effects as a function of speed. Conclusions derived from the measurement
of track geometry in this sense are largely dependent on the relative state of excel-

lence of the test track. However, the repeated measurement work, conducted in

1967 partly to demonstrate the continuance of a constant level of track input to the

commercial equipment undergoing performance trials, lends some support to the

belief of our overseas colleagues that conventional track is strong enough to support

\ery high train speeds. It contributes nothing to an understanding of the costs of

maintaining such track.

Maintenance costs for the 21.2 mile test track, for the year and a half that it

was identified with these purposes, was approximately $1000 per mile. A major part

of this expenditure to maintain a track which, when not isolated for infrequent test

purposes, carried a complete mix of PRR heavy tonnage traffic, was allocated to

walking inspection and the surfacing and lining of interlockings.

Upon completion in 1968 of the programmed test work, the geometric toler-

ances established for the project were permitted to relax under service to the prevail-

ing main track standards of the now Penn Central as the need for a high-speed test

facility temporarily passed out of existence.

Of more current interest to railroad maintenance engineers, not only here but

abroad, is the presently under construction linear induction motor vehicle (LIMV)
test track in Pueblo, Colo.

A plan view of the proposed lay-out of the first six miles of an eventual 20 mile

oval is shown in Figure 2.

This is the first phase of what, in time, will be a much more extensive trans-

portation research facility sponsored by DOT. Also planned for constmction starts

within the next few years are a guideway for a tracked air cushion vehicle, conven-

tional railroad trackage for a wide variety of analytical studies, 1:)oth vehicle and

track, and a rail dynamics laboratory for investigation of in-place, full-scale vehicle

response to a broad spectrum of inputs.

To railroad engineers the part of this initial phase effort that may pro\e of

greatest interest lies, first, in the range of permissilile geometric tolerances assigned

the track structure, and second, in the attempt to produce temporally stable track

to an almost exquisite degree of refinement through the employment of wliolly con-

ventional track components, some of which will have been modified in a minor way.

(See Table 7 for a description of tolerances.)

Figure 3 displays the sectional characteristics of the test bed portion of this

track. There is a three-mile access spur leading to this test track from the existing

trackage of the Pueblo Army Depot, and this lead will be of completely conven-

tional design.

The choice of wood ties for this track came aliout through entirely non-tech-

nical reasons involving anticipated lead times recjuired for the redesign of adequate
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center tie restraint for the 21-inch by Jii-inch in\crtcd tee reaction rail were con-

crete ties to be used. Considering that the test vehicle weighs 50,000 lb and will he
operated rather infrequently, it is believed that the chosen track designs, while eco-

nomical, will prove adequate for the loads to be imposed. The singular departure

from c()n\entional design practice in the entire track system remains in the provi-

sion, tluough the use of nests of variable, thin steel shims, of a finely controllable

lateral adjustability of rail and in a reliance on mechanically induced, simultaneous

compaction of crib and shoulder ballast.

Shim nests are held in place, adjacent to the rail base edge, in the spaces created

by employing a six-inch-base-rail dimensioned common tie plate under the 5/2-inch

base (119 lb) running rail centered on the oversize plate. Through this capability

of lateral adjustment, in addition to the use of full-plate-size steel shims, as required,

beneath the tie plates for vertical control, it is anticipated that wheel guiding sur-

faces of the rails can be placed within the narrow envelopes of permissible variation

dictated by the ma.ximum test vehicle speed (250 mph) and its unique, suspension

oriented requirements for a quite small ratio of deviation amplitude to wave length;

much less, in fact, at long wave lengths in the order of 700 ft, than the linear

relationship of 0.0003 postulated liy Matsudaira for NTL.

The measurement techniques for establishing confonnity to these specifications

are under development now. Upon formulation, this method, dependent as it may be

on a combination of optical and radiation source mechanics, will represent a distinct

advance in the state of the art of precise track and guideway mensuration.

In usual practice, consolidation of ballast, apart from the region immediately

beneath the tie which is operated on by track tamping, occurs as a function of

traffic-imparted vibration. In the general case, this is undesirable because control of

the rate at which consolidation develops remains beyond the control of the engineer.

In the specific case of the Pueblo LIMV test track, dependancy on traffic-induced

vibration for ballast section compaction is unsupportable. For the xery finely

adjusted track to remain where it has been placed, the ballast section must function

optimally at the outset. Clearly, there is no way of achieving this end without resort-

ing to the use of ballast compacting machinery during the construction phase.

Cost of material for the total miles of track, including CWR fabricated to a

weld alignment tolerance level about twice as rigorous as that called for in AREA-
considered specifications, is $1,124,400. Embankment construction costs are $757,-

000. Track construction will cost $773,000. This last requires construction of the

track to common main track geometric tolerances. Final adjustment v\'ill be handled

under a separate contract and attendant costs are not known at this writing.

Undoubtedly, the future will see further discussion of this project.

In this section a look at some aspects of contemporary experience has proceeded

with the intent of not only isolating factors of interest to the native railroad main-

tenance community but also to identify, if possible, portents apparent in current

activities that suggest high-speed rail transport as a feasible method of relieving

transportation congestion. Apart from the deductive view that there would scarcely

be such preoccupation on so widespread a scale if the chance of just such success

were not regarded favorably, consider this: in the first year of operation of the New
Tokaido Line air traffic along the Tokyo-Osaka axis declined by 35 percent. Further,

the London-Manchester trunk of British Railways, offering an improved but by no

means high-speed service—as defined herein—carries 73 percent of tlie total travel

between those cities even though air time for the trip is only 45 minutes. Rail trip

time is 2.5 hours for the 184 miles.
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POTENTIAL FUTURE SYSTEM COSTS

In the previous section of this report some idea was conveyed of the magnitude

of costs connected with overseas high-speed rail ventures. Except for Japan, in the

case of the New Tokaido Line, these were costs projectetl for contemplated construc-

tion of new line or the upgrading of existing facilities. Here at home similar analy-

sis of a rather extensive nature has also been carried on. Not surprisingly, the bulk

of this work has been directed toward potential future high-speed ground transpor-

tation in that region of the nation where the prospects for both financial success and

social benefit are the most attractive.

Future high-speed ground transportation within the Northeast Corridor has

been subjected to study of varying intensity from many points of view. In this text

the results of two such studies will be considered. The first to be discussed was

conducted at the behest of a regional commission. Its scope is limited in the sense

that a portion of the Corridor rather than the entire region was studied. The second,

a more comprehensive and exhaustive examination was carried out by an agency

of the Federal government over a number of years and addressed itself to the trans-

portation problems of the region as an entity. Reports presenting the findings of these

investigations were published within a few months of each other in late 1969 and

early 1970.

An admonition is appropriate at this point. In the ensuing text many of the

cost values cited will be presented apart from their development contexts. For so

complex a mechanism as a functioning regional transportation network, tangible or

planned, such a procedure has implicit the hazard of permitting the undiscerning

to arrive at poorly supported conclusions. The serious student, if interested, will

repair to the identified sources with the understanding that the thrust of this text

is aimed at a broad readership for which a less than thorough treatment is

most useful.

The New England Regional Commission, in recognition of the importance of

establishing a high-speed ground transportation nexus between Boston and New
York, undertook to have the feasibility of high-speed rail service explored. The

approach followed by the investigative team included an analysis of the economics

of alternate route approaches to the provision of such service. This work has

supplied the cost figures cited below."*

Before proceeding, note should be taken of the fact tliat many of the conclu-

sions presented in this source are clouded by controversy. A singular aspect of this

reference is visible in the inclusion, within the same volume, of the investigator's

thesis and challenge by an oppositional party, a rare and useful format. A discus-

sion of the nature of this dispute lies outside the scope of these remarks. Suffice it to

say that it hinges in a sul)Stantial way on the definition of route alignment improxe-

ment costs as a function of the demands of a specific vehicle type and the pros and

cons of on-board power generation. Once this is understood, and it is an important,

even critical financial issue to comprehend, the quantified costs developed in this

work may be considered.

Three options for the development of a feasible high-speed rail service, Boston

to New York, were developed througli this work. These are: extensive upgrading

of the existing Shore Line, the construction of three localized l)y-pass routes to abet

an overall upgraded Shore Line, and lastly, and of greatest potential impact on the

provision of a genuine high-speed service, the construction of a 90.5 mile new line,
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•"^•"» PROPOSED FUTURE ROUT!

Figure k.

Source: Feasibility of High Speed Rail Service.
Systems Research and Analysis Corp. and Thomas K. Dyer, Inc.
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inland from tlie coast, between Providence and New Haven. End segments of this

new route would be improved present Shore Line trackage. (See Figure 4.)

The general characteristics of these various stages of reformation are best

described by direct quote from die reference source.*

"Capital Costs of Route Improvements

"Capital costs were estimated for each of the three routes outlined above. The

capital costs are preliminary in nature due to the data available for estimating pur-

poses. The estimated capital costs of fixed plant improvements are considered ade-

quate for determination of preliminary feasibility.

"1. Up-grading the existing Shore Line

"The cost of up-grading the existing Shore Line to the design criteria pieviously

outlined was estimated to be $280,000,000. The cost of work estimated included new
140-lb welded rail and track fastenings; replacement of an average of 1,000 ties per

mile of single track; cleaning, replacing, or adding ballast as required; drainage im-

provements; realignment of track to lengthen spirals including rebuilding and relo-

cating structures involved; out-of-face surfacing and lining of track; elimination of

road crossings; fencing the right-of-way; new signal system; and up-grading portions

of the electrification system between the New York-Connecticut state line and New
Haven and building a new catenary and power system from New Haven to Boston

including increasing overhead clearance as required. New tracks and structures and

relocation of tracks and structures to avoid conflicts with freight and passenger

service provided by others were included in the cost estimate and also the cost of

Shop Facilities for the ultra high speed rolling stock.

"Station improvements were planned to provide additional well-lighted parking

facilities at Route 128 and New Rochelle; good bus and taxi circulation to the

vicinity of station platforms at all stations (no changes planned for Grand Central);

raised, covered, and well-lighted station platforms; improved passenger circulation;

improved road access to stations; and modern ticketing and waiting room facilities.

"Major changes are being planned at South Station by the Massachusetts Port

Authority which will improve taxi, bus, and auto circulation; provide parking over

the tracks which will also cover die platforms and provide waiting room and other

station facilities to rent to the Railroad. Only track changes and platform costs would

be required as South Station capital cost.

"The Providence Station is in an Urban Renewal area, but all costs for station

improvements were included in the estimate except improved highway access which

was assumed to be provided in the Urban Renewal Project.

"The items of work for the cost estimate were obtained from examination of

Railroad track charts and valuation plans, field inspection of the Shore Line right-

of-way, track, and structures, and data previously compiled in the Klauder**" reports.

Costs of work items were estimated on the basis of 1968 costs of labor and material.

The difficulty of carrying out up-grading work while maintaining existing railroad

operations was reflected in the estimate.

"Engineering and contingencies were included at 20% of the estimated cost of

work items. Interest during construction was not included in cost estimates as total

interest is included in the cash flow in Chapter VHI. (of the source—note added).

" Extracted verbatim by j^ermission of the authors.
"' Preliminary Engineering Report on Possible Improvement to Railroad Passenger Service

between New York and Washington. L. T. Klaiider and Associates. 1964. Preliminanj Engineering
Report on Possible Improvements to Railroad Passenger Service between New York and Boston.

L. T. Klauder and Associates. 1965.
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"2. Providence By-pass, Bradford to Old Saybrook Cutoff, New Haven By-pass,

and Up-graded Portions of Shore Line to be UtiHzed

"Plan and profiles were prepared on the three segments of new line listed abo\e
from U. S. Geological Survey Maps and the proposed routes inspected in the field

by highway principally to observe soil conditions, width of streams, rock conditions

in highway cuts and other conditions affecting cost estimates. The plan and profiles

were prepared primarily to obtain quantities

for items of work. The new route between Bradford and Old Saybrook was planned

with maximum curvature of 0°-37', satisfactory for speed of 150 mph. The estimated

cost of improvements for this route is $487,000,000.

"$97,000,000 of this cost is estimated to be work in connection with grade

crossing elimination, highway bridge changes, and station and parking improve-

ments. If this work were paid for by the highway departments and municipalities

involved, possibly with Federal assistance, the cost to be borne by the Ultra High
Speed Railroad is estimated to be $90,000,000.

"3. Providence By-pass, 'Inland Route' from Providence to New Haven, and

Up-graded Portions of Shore Line to be Utilized

"Plans and profiles were also prepared for the 'Inland Route' for estimating pur-

poses . . . maximum curvature was planned to provide alignment adequate for speeds

up to 200 mph. The estimated cost of this route is $539,000,000.

Comparison of Alternatives

Construction
Cost

Route Mileage Best Running Time (millions)

Upgrading of Existing Route 228 3 hrs. 280
Revised Shore Route 218 2M hrs. 487
New 'Inland Route' 208 2 hrs. 20 min. 539

( end of quote

)

Since the assignment to which this report is a response specifically requires a

consideration of the costs involved in tlie rehabilitation of present main tracks pre-

cedent to high-speed operation, and as the upgrading of the existing Shore Line is

exactly this, Table 9 is offered as a detailed cost estimate of the various items of

work necessary to accomplish this end. (Recall that items of expense assigned to

track alignment modification in this reference source are considered by one agency

to be greatly dependent on the curve negotiating characteristics of the equipment
applied to the service).

Proceeding from one sector of the region to the Corridor as a whole, it is pos-

sible now to acquire some insight into the future effects and costs of various trans-

portation modal mixes through the work of a Federal agency assigned the task of

carrying out an in-depth research into the predictable transportation needs of the

entire region.

As this has been an effort of considerable magnitude, involving the application

of many people and skills, and, further, as the report and supporting studies, all of

which were published between December 1969 and April 1970, do occupy a vmique

position in the literature, a concise precis of the objectives and techniques employed
is in order. Moreover, since some of the cost data associated with the upgrading

of present main track or the construction of a new high-speed line presented in this

text are to be drawn from this work, it woidd be helpful to have some understand-

ing of the constraints observed in the derivation of the values.
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TABLE 9

COST ESTIMATE

Fixed Plant - Upgrading existing shore line track and facilities, new

signal system, electrification from Boston to New Haven, elimination

of grade crossings, fencing right-of-way, station improvements, shop

facilities

Distance - 228.31 miles Schedule Time - 3 hours 4 minutes

item Cost

Buildings
Awnings
Platforms
Overhead Bridges
Retaining Walls
Track Bridges
Widen Fill
Widen Cut
Rock Excavation
New Track
Throw Track
Lower Track
New Turnouts
Relocate Turnouts
Land Damages
Road Construction
Stations
Drainage
Upgrade Track
Fencing
Shop Facilities
Electrification
Signals and Communications

Engineering and Contingencies
Total
Say

$
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Before passing on to a diseussion of the background of this vahiable source,

mention should be made of the nature of the source material. Under Reference 32

are listed the formal Northeast Corridor Transportation Report and the titles of all

17 supporting volumes. Also indicated is the means of acquisition for those interested.

Recognition of the growing ailments of the transportation system of the North-

east Corridor and of the shortcomings of existing policies as remedies led in 1964
to establishment of the Northeast Corridor Transportation Project. In a deliberately

experimental way, the Corridor project was a systematic attempt at determining the

intercity transportation facility requirements of a major region of the Nation. In

making this attempt, tlie project was charged ( 1 ) to analyze the complex interactions

between transportation and structure of economic and demographic development of

the Corridor, (2) to forecast the demand for intercity transportation services by
mode in the Corridor, (3) to describe the characteristics of transportation services

that might be supplied, and (4) in doing all this to give full consideration to the

potential of dynamic, innovative transport technology.

In five years, starting at a very inchoate level of knowledge and methodology,

the Northeast Corridor project has fulfilled many, although clearly not all, of these

assignments. Using systems analysis techniques and newly developed computer
capabilities, progress has been made in developing and applying a comprehensive,

general approach to regional transportation analysis. The most important achieve-

ment of the Corridor project up to now has been to develop, link together, and
operate several models in an interactive process which simulates the forces of trans-

portation supply and demand in the Corridor. The resulting system of models per-

mits examination of the effects of changes upon the competitive interrelationships

among modes, and also of interactions between transportation and other sectors of

the Corridor economy. A dynamic model process of this nature has not been applied

before to regional transportation in the U.S. The basic elements of the model
system are as follows:

• An econometric model which forecasts population, income, employment,

and land use for each of 131 analysis districts (mostly counties) of the

Northeast Corridor.

• A demand model which predicts intercity passenger travel in the Corridor

by city pairs and by modes of travel.

• Supply models for air and high-speed groimd modes which are sensitive

to changes in output levels.

• Cost models which, based on parametric relationships, predict elements of

of mode and .system cost.

• Impact models which predict the effect of transportation change on popu-
lation, employment, income, and land use in county-size analysis areas.

• Supply-demand balancing techniques which make possible simulation of

supply-demand equilibrium.

The development of the Corridor models and procedures is continuing with the

goal of producing a set of tools generally useful for the comparison and evaluation

of transportation system improvements. The Corridor models can be applied to

Corridor transportation in a longer time frame than has been done in this report;

they can, with further development, also be applied to the evaluation of freight

transportation systems. It should be pointed out, however, that while the models
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can, with relatively small but necessary recalibration, be applied to intercity pas-

senger movement in other Corridor-type regions of the U.S., they cannot be used

in their present form to predict intra-urlian passenger traffic. Intra-urban travel and

the l^ehavior patterns of commuters are subject to many other influences than those

used in determining intercity transportation.

It was understood at the outset of the Corridor project that transportation

system changes tend to have wide implications for regional development and for

many other aspects of public policy beyond the sphere of transportation. It was

clearly not appropriate for the Northeast Corridor project staff to decide which of

these public policies should be pursued. Therefore, a basic premise of die Corridor

project has been that the project would evaluate and report on a number of alterna-

tive transportation systems which would be responsive to a wide range of policy

options. This strategy was intended to permit responsible officials at the Federal

level and in the Corridor to relate transportation to fundamental policy objectives.

For purposes of the evaluations reported on here the following public policy options

were emphasized:

(1) Degree of technological innovation—ranging from continued evolution-

ary development of the present set of modes and services to a quite

radical departure involving the introduction of a combination of ad-

vanced ground and air modes;

(2) Emphasis on mbiirban or central city service—ranging from modes pene-

trating the city core via timnels to air systems largely serving the

periphery of metropolitan areas;

(3) Magnitude of capital cost—ranging from minimal investment in new

equipment to multi-billion dollar new in^'estment in fixed facilities and

equipment;

(4) Service characteristics—ranging from high capacity modes operating on

fixed rights-of-way to more flexible systems capable of providing service

over a wide area;

(5) Degree of private vs. public investment—ranging from systems which

could be sustained by private inv&stment and ownership to systems which

would reqiure Covernment support for their construction and operation;

(6) Requirements for institutional change—ranging from alternatives which

would require only nominal inter-governmental coordination under exist-

ing statutory authorization to those which would require new legislation

and extensive coordination at Federal, State, and local levels.

In the development of the Northeast Corridor project nine alternative transpor-

tation systems were postulated. A description of these is shown in Table 10. This

text will consider only the first four, those oriented towards differing maximum

speed levels of high-speed rail transportation.

The nine alternative systems start with the existing transportation system of

the Northeast Corridor projected to 1975-80, and add five new models in varying

combinations with the existing system and with each other. Tlic designed serxice

pattern of each alternative is generally north-south between Washington and Boston.

Each of the high-speed ground modes—demonstration rail, high-speed rail A, high-

speed rail C and tracked air cushion vehicles—was designed to serve terminals at

Washington and Boston and seven intermediate points in Providence, western Con-
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TABLE 10.

NINE PASSENGER TRANSPOirfATION Si'STEM ALTERNATIVES
FOR niE NORTHEAST COPiilUOR

ALTERNATIVE
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necticut, New York, northern New Jersey, Trenton, Philadelphia and Baltimore.

The air and highway modes serve more dispersed patterns based on existing net-

works.

Alternatives I and II

Alternatives I and II would require capital expenditures by 1975 of about $70
million for equipment and grade crossing elimination.

Both alternatives would expand the present fleet of Metroliners and Turbo

trains in accordance with increases in demand. Relatively small improvements in

roadbed would focus primarily on eliminating highway-rail grade crossings. The

annualized equipment cost and roadbed improvement costs would be less than half

the additional revenues realized from the DEMO level of operation. Although

patronage of rail passenger service to Boston-Washington and intermediate points

would increase between 1968 and 1975, rail passenger patronage as a whole in the

Corridor would decline. The breakdown of the Corridor intercity travel market by

modal shares in 1968 and 1975 is shown in the following:

Shares of CoRmooR Intercity Tr.a.vel Market by Mode
Percent Passenger-Miles

Alternative I

Year Auto Bus Rail Air

1968 68 8 13 11

1975 73 9 9 9

Although alternatives I and II do no more for the ground modes than add

demonstration rail, even this minimal action would probably require Federal legisla-

tion action of some kind. It is not certain that without such legislation the present

Metroliner and Turjjo train services inaugurated for two years in response to Fed-

erally supported high-speed ground transportation demonstrations would continue

and, in response to demand, expand through 1975.

Under alternative I total new public capital expenditures between 1968 and

1975 for intercity passenger transportation in the Northeast Corridor would be

$3 bilhon. Most of this outlay would be for expansion of the existing highway and

air modes assuming that current plans are implemented.

Alternatives III and IV

Alternatives III and IV, would introduce major improvements in city-center-to-

city-center high-speed groimd transportation. The high-speed ground mode in alterna-

tive II would rely on existing railroad rights-of-way; the high-speed ground mode
in alternative IV would require a completely new right-of-way. Alternative III

would require capital expenditure for all new modes of $1.8 billion and alternative

IV, $2.8 billion.

HSRA would require only moderate technological advance; HSRC would re-

quire substantial R&D expenditure to bring rail operating speeds up to 200 mph.

Alternatives III and IV would utilize centrally generated electric power and

would operate underground in urban areas. Therefore, their effect on land use,

noise, and air pollution would be minimal.

The share of total intercity passenger traffic in 1975 which would be captured

by the high-speed ground modes is shown in the following:
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Shares of Corridor iNTERcrry Travel Market by HSGT Mode
Percent Passenger-Miles Including Private Auto

Alternative II Alternative III Alternative IV
(DEMO) (HSRA) (HSRC)

8 12 15

Forecasts for the two new ground modes indicate that they would not be com-

mercially viable in the year 1975, assuming a capital cost of 10 percent, and would

probably not be commercially viable for the 10 to 15 years beyond 1975. In the

year 1975, largely as a result of interest charges on the initial investment in right-

of-way and track, HSRA in Alternative III would incur a deficit of $27 million and

HSRC in alternative IV, a deficit of $67 million. Thus, at least at the outset, the

liigh-speed ground modes would presumably require substantial public support. This

could be achieved through subsidy to a private corporation, establishment of an

authority, charter of a public corporation, or through outright Federal ownership.

In order to determine how incremental improvement would affect profitability,

i.e., how the market would respond to the escalation of improvement, further analysis

was applied to alternative II. Figure 5 shows, stepwise, the effect of each level of

improvement on expected net revenue.

The ground modes in alternatives 11 and III represent the minimum and

probably the maximum improved conditions applicable to the existing Penn Central

route between Washington and Boston. Almost a continuum of possible improve-

ment options exists, however, between these extremes. In order to obtain an indi-

cation of the economic feasiliility of these improvements, the Corridor model system

was applied to nine intermediate levels of improvement between alternatives 11

and HI.

The analysis was conducted by delineating a number of separate projects such

as laying welded rail, easing curves, rebuilding bridges, and building new tunnels

and bypasses, and determining the costs and running time savings attributable to

each project. By using the passenger loadings for each link of the DEMO mode in

alternative II, the passenger-minutes saved per dollar of expenditure for each project

were calculated and the projects were ranked according to this ratio. (See Table 11

for cost break-down.

)

For the analysis, nine levels covering the range of improvements were selected.

For each of these levels calculations were made using the NECTP model system

to determine additional patronage, gross additional revenues, additional operating

costs, annual charges for new investment, and additional net revenues.

The conclusions to be drawn from tliis analysis are as follows:

1. The maximum benefits to the operator would occur at a level of improve-

ment representing a capital expenditure of $186.5 million (including

$78.2 million for vehicles). Annual gross revenues at this level of im-

provement for 1975 would be $25.9 million more than rail (DEMO) in

alternative II, while annual systems costs would be $18.3 million higher

than the DEMO costs. The total surplus of additional revenues in 1975

over additional costs annualized for 1975 would be $83 million. This

level of improvement results in a 25 percent patronage increase over rail

in alternative II.

2. Up to a capital expenditure of $1.3 billion, 1975 annual gross revenues

(additional) would exceed annual systems costs (additional). At this
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NET REVENUE RESULTS OF RAIL IMPROVEMENTS
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Figure 5.

investment level, representing a 50 percent increase in patronage over

DEMO, annualized additional costs and gross 1975 revenues would be

equal.

3. From the level of improvement representing maximum net revenues to

the operator to the level of improvements represented by HSRA in alterna-

tive III, net revenues would drop. At the upper levels of improvement,

costs of capital would become a very significant element of total cost.

Each of the nine transportation system alternatives would require some degree

of intergovernmental cooperation for effective planning and implementation In a

broad sense, the efforts represented in thi^ report reflect the need for a coordmatcd
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"system" approach to transportation phmning. Thus, each alternative should be

regarded in a real sense as a system, requiring coordination among the modes if

maximum benefits are to be achieved. The degree of coordination needed would

vary with the mode in question. Both STOL and VTOL would require coordinated

action on the part of the Federal agencies involved (presumably the Department
of Transportation and the Civil Aeronautics Board) and the private carrier or car-

riers, and with the local jurisdictions in which STOL ports or heliports would be
located. DEMO and HSRA would require extended cooperation between tlie Penn
Central and the Federal Government for funding and, perhaps, operation of services.

HSRC would require extensive intergovernmental coordination for acquisition of

new rights-of-way and for construction and operation.

All systems would benefit from continuous central coordination by the Federal

Government or by a regional agency to assure effective and efficient matching of

facilities and services of the modes with each otlier and with demand as a whole.

The nine increments of improvement lead direcdy to alternative III, high-speed

rail system A (HSRA), which envisions retention of the general present route

alignment and includes the construction of significant bypass segments.

HSRA refers to the existing Penn Central main line from Washington to Bos-

ton, upgraded to permit passenger trains to run at 150 mph. The present track,

catenary, and signal systems all require substantial work to permit operation at this

speed (e.g., curve easements, new bridges, continuous welded rail, new catenary

systems, extended electrification from New Haven to Boston, etc.). Existing sta-

tions, or new stations placed at present locations, will be used at Washington,

Philadelphia, Trenton, New York, New Haven, Providence, Route 128, and Boston.

The new suburban stations being built at the Capital Beltway near Lanham, Md.,

and at a site called Metropark near Woodbridge, N.J., will be upgraded to become

permanent facilities.

The vehicle envisioned for tliis system is outwardly similar to the present

Metroliners. The average speed including stops over the entire route would be

105 mph. Peak traffic periods would have service as frequently as every 15 minutes,

or more often if demand grows. Trains would vary in size from a maximum of

10 to a minimum of 2 cars. HSRA would share die line with both commuter and

freight service. The total computed cost of up-grading and altering fixed plant for

HSRA is shown in Table 12.

High-speed rail C (HSRC) is a major component of alternative IV. HSRC is

a completely new, 200-mph passenger railroad. The concept is similar to JNR's New
Tokaido Line, but calls for a higher level of performance from the equipment. Two
hundred miles per hour was selected as the maximum cruising speed; wheel-rail

interaction, power collection problems and safety considerations for speeds in excess

of 200 mph lead to design requirements that tend to equalize the costs of high-

speed rail and tracked air cushion systems, thus making analysis of both somewhat

redundant. With proper maintenance, the safety of this system will not be compro-

mised at 200 mph.

HSRC would use existing terminals at Washington, New York, Boston, and the

new facility at the Capital Beltway; however, at all points in between, the right-of-

way would be entirely new. Underground stations would be built at Baltimore and

Philadelphia, and new surface stations would be constructed at Trenton, Meadows

(in the Jersey meadows near Secaucus), Milford (serving Bridgeport and New
Haven

) , Providence and Route 128. From Washington to New York the route would
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not deviate far from the existing right-of-way, but north of New York the route

would run farther inland than it does at present, and some tunneling would be

required to avoid the excess curvature that plagues the present route. Even though

the existing Pcnn Station in New York would be used, new tunnels under the Hudson
and East Rivers have been included for the new service.

The new railroad will be completely electrified using an overhead catenary

system. Standard gage track is laid on a concrete structure designed to hold the

rails to the tolerances required for 200 mph operation without excessive maintenance.

The cars are similar to the HSRA cars but with increased tractive power.

Trains could operate as often as every five minutes during peak hours on the

new system. Because of stops en route and a few speed restrictions (due primarily

to tunnels), the trains would average 146 mph. Two basic runs are considered:

one from Washington to Boston and return, and the other between Philadelphia

and Milford (New Haven/Bridgeport). The two services combined would result

in frequencies at the center of the Corridor about double those of the ends. Neither

freight nor commuter-type trips are considered, but some form of either, or both,

could be developed as long as the intercity service retains priority.

Estimates of routeway preparation and guideway costs for HSRC are displayed

in Table 13. A comparison of total costs, HSRA and HSRC, appears in Table 14.

As the foregoing descriptions indicate, the two ground transport systems differ

considerably in a temporal sense. HSRA exists in part today and can be described

in detail; the right-of-way is known to within a few feet, and similar vehicles have

been built and are operating. HSRC, on the other hand, incorporates a number of

features that are still experimental; the right-of-way is described only by a general

route location on a map, the effects of high speeds on car and guideway mainte-

nance are still conjectural, and in a number of ways the system cannot be described

precisely enough for truly accurate cost estimating.

This difference in quantity and quality of information between the two systems

required that the cost methodology embrace a variety of estimating procedures. For

equipment of a type that exists today, current prices were used, adjusted to a

1970 level by an appropriate index. (All costs presented in the reports of the

Northeast Corridor Transportation Project are expressed in terms of 1970 dollars.)

The general approach, however, was to develop estimating relationships tliat,

wherever possible, would allow the system designers to obtain estimates for a

variety of configurations and would also ensure comparability among estimates. In

some cases sufficient data were available to derive statistically significant regression

equations. More often, the sample size was too small to justify regression analysis,

and the estimating relationships were obtained by drawing a line through a scatter

of several points. In other cases, cost estimates were based on engineering analogues.

It can be readily seen, from a review of the cost data presented for both over-

seas and domestic ventures, that adequate high-speed rail transportation will, in no

case, be an inexpensive enterprise. One may well ponder the question, however, of

the cost—social as well as financial—of not addressing the problem and doing so

in an expeditious manner. Undertakings of so large a scope as the overall Shin

Kansen program of JNR or, in the instant case, a new regional transportation net-

work have substantial lead times from conceptualization to completion. Illustrative

of this are the schematic timetable for development and implementation of HSRA
and HSRC shown in Figures 6 and 7.
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TABLt 14.

TOTAL COSTS BY COST ELEMENT
ftiercent)

Investment
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TIMETABLE FOR DEVELOPMENT AND IMPLE-
MENTATION OF HSRA IN THE NORTHEAST
CORRIDOR.

Years from Go-Ahead to hull Service

Task 12 3 4

Research and development •

Vehicle

Equipment testing .

Final design

Manufacture and accept-
ance

Guideway

Test track design, con- <

struction and testing

Right-of-way acquisition .

Guideway and power system,
final design

Guideway and power system
constiuction

Terminals

Terminal design and con-
struction

Service

Start partial service

Start full service

Figure 6.

In the pledging of financial resources of the magnitude indicated for these

sorts of projects the social benefits produced assume precedence over retvu-n on

investment. This being so, it seems unlikely that matters will go forward without

tangible encouragement from some level of government.

It will have been noted, from a study of Figures 6 and 7, that a sizeable period

of time is allotted to research and development in connection with the advanced

systems, HSRA and HSRC. From these anticipated activities and even more rele-

vantly, current rail research, the contemporary maintenance engineer may expect

tangible advantage. No great .stretch of the imagination is necessary to visualize the
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TIME TABLE FOR DEVELOPMENT AND
IMPLEMENTATION OF HSRC IN THE

NORTHEAST CORRIDOR.

Years from Go-Ahead to hull Service
Task

Research and
development

Vehicle

Prototype design
manufacture and
testing

Final design

Manufacture and
acceptance testing

Guidev/ay

Test track design
construction and
testing

Right-of-way
acquisition

Guideway and power
system final design
and specification

Guideway and power
system construction

Terminals

Terminal design and
cons truction

Serv ice

Start partial service

Start full service

Figure 7.
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response to advanced rail research of many heavily engaged maintenance people

for whom a consuming concern is the preservation of some tolerable degree of sur-

face and line for the predominantly freight trackage within their jurisdictions.

Hyperbolically, the response may be similar to the alleged underprivileged view of

the space program. But, to affect a disinterest because of a presumed remoteness of

high-speed developmental work from the arena of daily preoccupation reflects a

certain lack of perception. Track-vehicle stability is increasingly crucial at higher

operating speeds and any useful investigative work toward this end is bound to

rapidly percolate to the point of availability in the solution of more mundane prob-

lems. A position of indifference is really difficult to sustain at a time when the

application of attentiveness and financial resources to the solution of problems in

many areas of railroad technology—and particularly track and roadbed—is increas-

ing at an exponential rate from a very low base.

One commentator has suggested that research costs associated with the imple-

mentation of a system such as HSRC could be classified as follows:""

wheel-rail interaction

adhesion coefficient measurement

electric power collection

frequency conversion equipment GRAND TOTAL
high-speed motors $23,200,000

aerodynamics

control and communication

emergency braking

To this listing must be added the requirement for considerable further investiga-

tion into obstacle detection, control of acoustic noise, and the effects on the occu-

pants of trains moving at high .speeds of optokinetic nystagmus and intermittent

photic stimuli (flicker).

Train nystagmus occurs when a series of objects is moving across a person's

visual field, and his eyes follow one object across the field, move rapidly back to

the next object, follow it across, move back to the next, and so on. Dizziness and

nausea are normally produced when the stimulus rate is from 3 to 12 objects passing

per second. At 200 mph, wayside utility poles having a spacing of 100 ft would

create an effect that lies witliin the critical nystagmus envelope.

Flicker vertigo, sometimes a problem in helicopter operation, appears to be

related to the intensity of light, its wavelength, and the dark-light ratio of the flash-

ing. Vertigo or even unconsciousness may be induced when flicker occurs within the

limits of 9 to 15 hz.

These optical efi^ects have slight bearing on present-day trains but may be a

more pressing problem at the higher speeds envisioned for the future.

Even including the more arcane aspects of the required research, the cflort

breaks down basically into a three-pronged attack: propulsion, control, and support.

From the work progressed within this last category will come the aid and comfort

so fervently desired by the practical maintenance man even though he may least

expect it from this source. As has been shown earlier, railroad engineers abroad are

highly skeptical of the economic feasibility of attempting to maintain conventional

wood tie track to sufficiently support present-day loadings and provide the refine-

ment of under-load track geometry necessary for future high-speed operation.
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Enhancement of the stability of track has a high priority in rail oriented re-

search and usefnl output from this effort is not preserved for high-speed operation

alone. Also having an equally high priority is the determination of methods whereby

the fruits of this on-going research can be phased into service in order that early

benefit can be realized. Indeed, even the highly touted capabilities of modern track

surfacing and aligning machinery may yield to greater improvement if functional

performance requirements are objectively analyzed, an action heretofore dependent

on the fragmented approach inseparable from proprietary design.

CONCLUSION

It has been shown that, on a world-wide scale, there is great interest and much
activity directed toward high-speed rail operation. In heavily industrialized countries

having growing concentrations of population, the inherent efficiency of moving large

numbers of people by rail expeditiously is proving increasingly attractive. The large

capital investment required for the establishment of a genuinely high-speed rail

capability may be very favorably compared with the costs incurred in providing

other facilities for transporting the same masses of people. A growing awareness of

the minimally adverse environmental contribution of rail transport compared with

other common modes casts further salutary light on the medium. All in all, and

contrary to the popular misconception, the future for rail transportation, both here

and abroad, seems not only secure for at least another generation, but even exciting

to behold. Happily, some sense of this is starting to penetrate certain levels of the

public consciousness, one evidence of which is apparent in the growing interest

shown in rail transportation at the college and university level. Commonly, theses

that, a few years ago, would have addressed another topic are now structured

around some aspect of rail transportation. (A representative specimen is cited as

Reference 30.

)

The industry is in a state of active ferment everywhere. Present concepts will,

inevitably, change. Distress may be felt in some quarters from the rate at which
this accelerated change occurs. Nevertheless, one envies the young railroad engineer

embarking at this time on a career that will, unquestionably, bring greater profes-

sional satisfaction than would have been possible at any time previously. This sug-

gests large reward, for railroad engineers, as a class, are now distinguished for the

gratification tliey derive from achieving the maximum with what is at hand. Even
greater compensation will accrue from the introduction of substantive rationality

for prevalent empiricism in support of the activities that engross these people.

REFERENCES

1. Third Report on the High Speed Ground Transportation Act of 1965. July 1969.

2. High Speed Rail: Problems and Prospects. Ullman, K. B., PR No. 183 363.

Clearinghouse for Federal Scientific and Technical Information, Springfield, Va.
22151.

3. The Needs and Desires of Travellers in the Northeast Corridor. National Analysts,

Inc. January 1970. PR 191 027 (see 2, above.)

4. Rail Passenger Statistics in the Northeast Corridor. DOT-FRA-OHSGT. March
1970.

5. Fast Track for Fast Trains—The Metroliners. DilFenderfer, James W., Railway
Track and Structures. May 1970.



Special Report 63

6. a. Vibration Measurements of the Penn Central MetroUner. Catherines, J. J.

and Clevenson, S. A. Langely Working Paper No. 770. National Aeronautics

and Space Agency. July 14, 1969.

b. The Effect of Track Geometry on Ride Qimlitij. UUman, K. B. and O'Sullivan,

W. B. IEEE Paper No. 69 CP 355-IEA. April 1969.

7. Unconventional Railway Track Support Systeins. O'Sullivan, W. B. in: The
Dynamics and Economics of Railway Systems. Published by the Railway Systems

Management Association, February 1970.

8. a. L'Etude de Vlnfrastruture. Verrier, Guy. Revue Generale des Chemins de fer.

January 1970.
b. La Yoie. Prud'homme, A. Ibid.

c. How High Can Train Speed Be Increased? Matsudaira, T. Japanese Railway
Engineering. June 1966.

10. Rail tracks for Japan's 130-mph trains. Matsubara, K. Civil Engineering-ASCE.
December 1969.

11. New San Yo Line. Matsubara, K. Permanent Way, Nos. 42-43 (Special Issue),

Japan Railway Civil Engineers Association, May 1970.

12. Building the San Yo Line. Anon. The Railway Gazette. Oct. 4, 1968.

13. Neiv Tokaido Line Fujii, M. Proceedings of the IEEE. Vol. 56, No. 4, April

1968.

14. Som^ problems about track and maintenance of way under high-speed train

operation. Ban, Y. et al. Monthly Bulletin of the International Railway Congress
Association. February 1968.

15. New San Yo Line. Matsubara, K. Permanent Way. Vol. 12, Nos. 1-2. May
1970. Japan Railway Civil Engineering Association.

16. Simple track improvements permit fast USSR services at low cost. Bushyev,
V. I., International Railway Journal. March 1970.

17. Statistical Absiract of the United States. 1969 ed. U.S. Dept. of Commerce,
Bureau of the Census.

18. JANE'S World Railways. 11th ed., 1968-69. McGraw-Hill Book Co. New
York, N.Y.

19. The progress of railways and of the science of transport in the USSR. Karetni-

kov, A. D. Rail International. April 1970.

20. Towards an Intercity Trans-port Vehicle. Technology Review. April 1970.

21. a. Rames Experimental a Turbines a Gaz. Nouvion, M. F., Revue Generales des

Chemin de Fer. January 1970.

b. The Problems of High Speed Transport on French Railroads. Nouvion, F.

IEEE Paper No. 70 CP 261-IGA. February 24, 1970.

22. (partial coverage)
a. Lateral dynamics of raihvay vehicles. Wickens, A. H. Railway Gazette. De-

cember 5, 1969.
b. Practical research into vehicle dynamics. Wickens, A. H., Railway Gazette.

June 16, 1967.
c. Experimental Four-Wheel Wagon Suspension. Anon. Railway Gazette. De-

cember 5, 1969.

23. Residts of a Survey of Railroad Joint Irregularities Using Matisa Records. Gil-

christ, A. O., British Railways Research Dept. Report DYN/44. 1967.

24. a. Preparing British Railways Tracks for High Speed Running. Patterson, A.

Railway Gazette, June 7, 1968.

b. British Railway. Patterson, A. The Dynamics and Economics of Railway Sys-

tems. (See Ref. 7, above.)

25. Refurbishing BR Track for High Speeds. Anon. Railway Gazette. November 21,

1969.

26. British Rail Paved Track Experiment. Anon. Modern Railways ("Special Edi-

tion" devoted to BR activities, undated, rec'd in 1969.)



64 High Speed Rail Transportation

27. Influence of speed on the construction and maintenance cost of railway lities.

Delvendahl, H. Monthly Bulletin of the International Railway Congress Asso-
ciation. May 1968.

28. Feasibility of High Speed Rail Service. Systems Analysis Research Corp., and
Thomas K. Dyer, Inc. October 1969.

29. High Speed Rail Systems. TRW Systems Group. PB No. 192 506. The Clearing-
house for Federal Scientific and Technical Iriiformation. Springfield, Va. 22151
(an excellent concept catalogue).

30. The United States Railroad Industry—An Aimchronism in 1969. Terrill, Linda.
Simmons College. Boston, Mass. December 1969.

31. a. High Speeds, analijtical bibliography. (In association with the "High Speeds"
Symposium, Vienna, June 1968.) International Railway Congress Assoc.
(19 rue de Beau site, Brussels 5, Belgium).

b. Bibliography of High Speed Ground Transport. PB No. 170 581. The Clear-
inghouse for Federal Scientific and Technical Information. Springfield, Va.
22151.

c. Published Reports of the Office of High Speed Ground Transportation. The
Clearinghouse for Federal Scientific and Technical Information. (PB number
not yet assigned. To be published in November 1970).

32. The following reports of the Northeast Corridor Transportation Project providing
detailed information on project methodology, descriptions of alternative systems
and various analysis techniques are available from the: Clearinghouse for Fed-
eral Scientific and Technical Information, Springfield, Va. 22151. The price is

$3.00 per volume for a paper copy and $.65 per volume for a microfiche copy.

When ordering please use the accession number shown below.

Northeast Corridor Transportation Project Report NECTP-209 PB190929
NEC Transportation: Problems and Prospects NECTP-210 PB190930
Status of tlie Transportation System and Plans for Im-

proving Intercity Transportation in the NEC NECTP-211 PB190931
NEC Transportation Facts and Statistics NECTP-212 PB190932
National Bureau of Standards Modeling for the

NECTP NECTP-213 PB190933
HSGT Mode Service Analysis in NEC NECTP-214 PB190934
Air Mode Service Analysis in NEC NECTP-215 PB190935
TRANSOP Model Methodology NECTP-216 PB190936
Access and Demand Data Used in the Development

and Calibration of NEC Transportation Models NECTP-217 PB190937
Impact Studies: NECTP NECTP-218 PB190938
HSGT Systems Engineering Study, Tracked Air

Cushion Vehicles NECTP-219 PB190939

V/STOL Mode Descriptions NECTP-220 PB.190940
Prospective Costs of Capital in the NEC NECTP-221 PB190941

Cost Analyses for NECTP, Volume I, High Speed
'Ground Modes

Cost Analyses for NECTP, Volume II, Air and
Highway Modes NECTP-223 PB190943

External Costs and Benefits Analyses, NECTP NECTP-224 PB190944

Theory and Implementation of Cost and Benefit

Analysis of Transportation Systems: The NECTP NECTP-225 PB190945

Passenger Demand and Modal Split Models NECTP-230 PB190946

NECTP-222 PB190942



Special Report 65

APPENDIX I

DATA SOURCES

Data Tag Program

The data tag program is the source of passenger vohime information on tlie

New York-Washington and New York-Boston routes. As a means of obtaining ade-

quate counts of passenger travel identified by stations of origin and destination, and

individual trains, OHSGT devised machine-readable tags serving both as conven-

tional passenger seat checks for the railroad and as a means of collecting data for

OHSGT. The system has been in full-scale operation on a continuous basis since

July 1966 in order to develop base period information with which passenger volume

during the demonstrations will be compared to aid in the evaluation of the

demonstrations.

The data tag program, with minor exceptions, includes passengers on through

trains between New York, Philadelphia, and Washington and on the Shore Line

between Boston and New York. Excluded from the Program are commuter (non-

through) trains and passengers who are traveling from or to points south of

Washington.

On Train Survey (New York-Washington Route)

The on-train questionnaire survey was inaugurated by OHSGT in 1967 on the

New York-Washington route to provide more comprehensive information to be used

in evaluating public response to the improved service. This questionnaire survey

is being conducted on-board the trains on a continuing basis among a sample of

passengers. It obtains information on the passengers' socio-economic characteristics,

purpose of travel, past and expected travel mode usages, frequency of travel and

attitudes toward the service. The number of passengers surveyed in 1969 was as

follows: Metroliner passengers, 5,810; conventional train passengers, 47,950.

Special On Train Survey (New York-Boston Route)

An On Train Survey on the New York-Boston route began on October 19, 1969

and will continue tlirough April 19, 1970. The results of the first three months of

the survey are reported here. The methodology and questionnaire is basically the

same (although some additional questions were included) as the continuing New
York-Washington route On Train Survey. The number of passengers surveyed in

the period reported was as follows: Turbo passengers, 1,210; conventional train

passengers, 1,460.

On Plane Survey

An On Plane Sur\ey of a sample of airline passengers traveling between

Washington National/Baltimore Friendship and Newark/LaGuardia airports was

conducted from July 7, 1969 to February 4, 1970. To evaluate changes over time,

the data were tabulated for three separate time periods. Following are the sample

sizes of the plane passengers surveyed as well as the sample sizes of the Metroliner

passengers surveyed witli which the data are compared in the Tables:

Number of Passengers Surveyed
Airplane Metroliner

Time Period Passengers Passengers

July 7-October 4, 1969 3,410 990
October 5-December 4, 1969 4,170 710
December 5, 1969-Feliruary 4, 1970 2,970 990

Hill. 025)
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The airhnes participating in the survey were Eastern (Shuttle Service), Ameri-

can (Jet Express Service) and Allegheny (Commuter Express Service).

Technical Notes

1. "Non-responses" to individual questions have been distributed in the same pro-

portions as the answers received from the otlier participants.

2. With regard to the survey question on State of residence, passengers were coded

as "In Corridor State" if their residence is in any section of the following states:

New Hampshire, Massachusetts, Rhode Island, Connecticut, New York, New
Jersey, Pennsylvania, Delaware, Maryland, the District of Columbia and Virginia.
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APPENDIX II

DATA FROM TRACK RESPONSE MEASUREMENTS ON
PENN-CENTRAL HIGH-SPEED TRACK

DECEMBER 10-12, 1969

Investigation Pursued by

Battelle Memorial Institute, Columbus, Ohio

Howard C. Meacham,
Chief Investigator
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Ground Rules for Discussion Section

Comments on the reports and papers published in the four technical issues of the

AREA Bulletin, by either members or non-members, are invited. These comments
will be printed in a special discussion section located in the back of the Bulletin

and in accordance with the procedures outlined below. The purpose of the section

is to stimulate greater interest in the published reports and papers and to offer to

those not involved in their preparation the opportunity to present their thoughts

on the diflFerent subjects, whether pro or con, based on their knowledge and
experience.

For the information and guidance of all concerned, here are the ground rules

adopted by the Board of Direction for handling and publishing comments on AREA
published papers and reports:

• Letter containing comments must be addressed to executive manager, be

received by the deadline published with paper, contain identification number of

paper or report, and be identified with vmter's signature, typed or printed name,

tide, company and full address, including zip code.

• Reader's comments will be forwarded to author or appropriate committee

for further comments or rebuttal.

• Both reader's comments and author's reply will be published at the same

time and in the earliest Bulletin having space available.

• All comments must be in good taste, add to discussion on the subject of

paper or report, and be constructive in nature.

• Board Committee on Publications will be the review or mediation group

should some problem or something questionable arise.

• After deadline, no further comments on a particular paper or report will

be accepted for publication, unless extenuating circumstances exist.

Identification number of papers open to discussion will be located near the

tide and must be used in comments to positively identify the paper to which they

refer. Cormnents on committee reports should refer to the proper committee and

assignment numbers.

Deadline for comments will be given in a footnote on the first page of the

paper or committee report, the latter covering all of the subcommittee reports of

that particular committee. In general, this deadline will be approximately 90 days

after date of issue. However, this will vary to some extent because the intervals

between issues of the Bulletin are not constant throughout the Association's publica-

tion year, which extends from September to July, inclusive.

The Board of Direction feels that, with the cooperation and interest of all

concerned, discussions on papers and reports published by the Association shoiJd

prove to be both stimulating and informative.
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Advance report of Committee 16—Economics

of Railway Location and Operation

Report on Assignment 6

Study the economics and operational characteristics of automatic

car identification to develop data for evaluating

the optimum location of scanners

72-629-2t

T. D. Kern (chairman, subcommittee), R. W. McKnight (vice chairman, subcommit-
tee), R. S. Allen, D. E. Brunn, J. J. Eash, T. J. Mattle, R. L. MoMxtrtrie,

J. F. Partridge, G. A. Payne, R. J. iSchiefelbein, J. H. Seamon, M. J.

Shearer, Jr., D. M. Tate, C. L. Towle, L. E. Ward.

FOREWORD

This is the second and final report on this assignment. It is concerned with

methods of making cost/benefits analyses or economic studies of automatic car iden-

tification systems. Some specific studies of the economics of ACI are presented.

However, information is not available at this time to determine costs after a system

has been in operation for a considerable period of time. At some futvire time, when

more ACI systems are in service and the interchange freight car fleet is completely

labeled, this assignment may be re-opened to determine the economic and opera-

tional benefits of ACI.

The first report on this assignment (AREA Bulletin 622, September-October

1969, page 12) discussed seven major areas: (1) task force to make ACI study,

(2) need for ACI including general advantages and benefits, (3) knowledge of ACI
including operation of the equipment, (4) handling ACI data covering destination

of information and reports from these systems, (5) methods used to determine loca-

tion of ACI scanners, (6) cost/benefits analyses, and (7) methods to use for imple-

mentation of the ACI system or network.

ECONOMIC JUSTIFICATION

The economic justification for ACI systems lies primarily in four basic areas:

(a) direct labor savings; (b) indirect labor savings such as elimination of open

car records; and (c) timely, accurate and complete collection of data for use in

improving control of equipment; and (d) improving service.

Studies reveal that direct labor savings can be available from the use of ACI

in five major areas.

( I ) ACI can be used at the entrance and exits to yards to verify the cars

and their position in a train. For the yard forces, this can pennit the

entrance to receiving tracks and departures to be made at normal operat-

ing speeds. This information can flow directly to the users as verified

information. Direct labor savings are possible by elimination of inbound

and outbound manual checking. The normal operations speeds will reduce

t Discussion open until December lo, 1970.
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initial and final terminal delay payments to road crews. With ACI veri-

fying the cars as they are pulled from classification yards, the speed can

be increased from 5 to 15 mph. This can reduce switch engine time for

each track pulled and can result in actual elimination of yard crews.

(2) ACI can replace the wayside TV scanning systems that arc currently

used for visual verification of cars. Discontinuance of TV systems and

clerical personnel used to observe and record car movements may offset

the expense of ACI systems.

(3) ACI can be used to make the complete record for cars and locomotives

moving over joint track arrangements. This may reduce the number of

people that maintain such records as the input would be mechanically

processed for joint facility billing.

(4) ACI can be used to verify and print out necessary information concern-

ing interchange of cars. This may replace clerical personnel on the two

roads involved as the ACI input would accurately serve both receiving

and delivering carriers.

(5) ACI can be used for billing purposes where high volume of cars of same

commodity are billed. Car numliers and weight from coupled-in-motion

scales can be passed directly to computer systems for preparation of

waybills completely void of manual eff^ort. Clerical personnel used in

the weighing and billing processes may be eliminated.

A special task force of the General Managers' Association of Chicago ( 22 mem-
ber railroads) recently proposed the installation of an ACI interchange and informa-

tion network connected to a central computer complex for the processing of scanner-

generated data.

Objectives of the system, as reported by the GMA task force, are:

( 1 ) Maintain a central interchange bureau where the formal interchange

records will be produced, distributed and recorded for all railroads.

(2) Provide accurate and understandable information on cars involved in

ACI scanner movements.

(3) Report on a real-time basis advance information on cars moving between

railroads or past scanners, to the location desired by the interested rail-

road.

(4) Provide an information bank of train, transfer and car moves throughout

the Chicago terminal.

The hardware to provide the input for such a system and do the processing

would consist of 109 ACI scanners and 100 decoders installed at 40 strategic points

along Chicago Terminal District's 7,689 miles of lines. Scanners will monitor about

90% of the 25,000 interchange cars per day operating in more than 1100 trains. The
system design recommended would be a central computer site with buffered scanners

and critical central site functions duplexed.

Estimated c-ost for leasing scanners and data processing equipment, including

maintenance, would be about $120,000 monthly. Member roads would be assessed

a one-time charge for scanner site preparation and installation totaling about

$560,000.

Potential savings are estimated to be about $10,000 per month per railroad.

Clerical labor savings, notes the report, can be expressed in terms of reduced inter-

change processing costs and reduced yard office costs resulting from advance con-
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sists. The GMA-ACI interchange and information network would produce the official

interchange between railroads based on cars actually scanned at the established

interchange points.

Other savings may include possible yard switch crews' time from waiting on

lists to be prepared before being able to handle cars in an arriving interchange cut.

At scanner locations which represent the final terminal delay point, the scanner time

of the trains passing would be absolute validated record and can resolve disputes in

final terminal delay claims from road crews. Receiving yards will be aware of exact

location of expected trains. This information enables these yards to arrange their

internal moves in order to have tracks available to receive these trains, and also

enables planning of yard moxes so as to avoid blocking and delay to yard engines

from an inbound train.

Per diem expense can be reduced on most roads as follows: The AOI system

can furnish a schedule report by last scanner location on system-owned cars to each

railroad. This could promote greater usage of owned equipment vs. foreign equip-

ment by the owner road.

Advance consists can identify immediately to the roads involved in the inter-

change cars delivered in error or without waybill information. Thus, the time cars

would be held in a hold status by the receiving carrier will be reduced. By the

reduction of cars in a hold status, per diem savings can be gained on cars delivered

in error or cars delivered without waybills.

Additionally, car utilization and distribution would be improved because the

system identifies empty available cars on incoming interchange cuts before they

arrive on the railroad.

In general, the ACI interchange and information system is designed to receive

advance information on interchange cars from all the member roads, storing this

information in a central computer and matching it with the data as it is being

received from the scanners which are interfaced with the central computer.

The functions provided in the design for output to the railroads include:

—^Generation of an advance consist.

—Arrival messages for use in roads' internal reporting systems.

—O/S reports.

—Outbound train checks.

—Detection and reporting of intermediate set-outs by interchange transfers.

—Detection and reporting of other set-outs ( bad orders ) , exception basis.

—Detection and reporting of set-outs by in and outbound trains at outlying

interchange points.

—Detection and follow-up of car data errors and missing data.

—Detection of cars moving without information (no bills) and information

on car without car movement (bill without car)

—Provision of certified interchange document on a daily basis.

—Provision to railroads of listing of all of their equipment by the last scanned

move in the network.

—Reporting on reverse record moves on all empties received in interchange

that have been scanned.

Additionally, the information file of the ACI system will furnish data to permit:

—Developing and monitoring of transfer move standards.
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—'Monitorinjf of traffic density statistics for use in determining optinunn con-

dition to operate transfers throuj^h the Chicago terminal.

—Analysis of type and ownership of empty equipment moving through the

terminal.

—Developing scanner performance statistics.

—Analyzing of car movements between railroads.

In addition, the ta^k force report mentioned long range computer applications

of the system that could be useful with the fully implemented system. These applica-

tions include trailer-container control, performance measurement, simulation tech-

niques, shared time computing and common data interchange. Also consideration is

given to working with AAR's TRAIN program, even in the initial phases of the

GMA information network. Ultimately, TRAIN could dial the GMA computer and

obtain all interchange information for the Chicago Terminal District eliminating the

need to contact each member road separately. Similarly, the GMA network could

handle member roads' requests to AAR's TRAIN central computer in Washington.

Part of the work involved in the GMA study included development of work

sheets for each ACI scanner location. One such sheet is a drawing showing scanner

locations, railroad tracks, access roads and decoders (Figures 1-5 AREA Bulletin

622). A site worksheet similar to that of Appendix A (AREA Bulletin 622) was used

in some cases. Also prepared was an ACI cost sheet for each location containing

scanners (Appendix I) which provided for costing site preparation, ACI equipment,

services and hardware.

The following material from the Chicago GMA study indicates one method of

determining labor savings involved in preparation, validation and resolving of inter-

change at yard officer and car accountants' offices. Based on sample data, an average

of 1500 open interchange records would be handled monthly. Studies indicated that

480 clerical manhours per month are spent in yard offices on interchange prepara-

tion and handling, record tracing and researching of information connected with

interchange. Another 720 clerical manhours per month are spent in the car

accountant's office on tracing and research of interchange records, initiating tracers,

resolving open records and working off claims. These two functions total 1200 man-

hours per month to handle and close 1500 open records. Using a figure of $3.75

for average clerical cost per manhour including additives, the GMA study deter-

mined that it cost $4500 per month to close 1500 open records.

Clerical labor savings were determined as a result of advance information and

the interchange consist being generated by ACI for a move from a departure or

receiving yard. One study revealed it required three yard clerks for checking and

preparing inbound or outbound lists, taking 10 minutes per clerk per train. Yard

clerk duties included making visual checks of trains, lining up waybills and prepar-

ing lists of waybills mechanically or manually. If a railroad delivered 10 trains or

transfers per day and received 10 trains or transfers per day, the ACI network would

provide a saving of 600 minutes or 10 clerical hours. At $3.75 per hour, this comes

to $37.50. On a monthly basis of 300 manhours, the saving is $1125.

Crew savings can be calculated on yard delays if yardmasters do not receive

advance information concerning receiving trains or transfer moves so as to make
yard tracks available. If, for example, one yard crew hour is worth $30 and an

average of 10 minutes delay is incurred by yard engines due to yarding of inbound

trains, this amounts to $5 per 10 minute delay. Again, taking the above case of a
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yard receiving 10 trains daily, the delay would total 100 minutes and cost $50 per

day or $1500 per month. Estimates in the OMA study indicate that this delay cost

could be reduced by use of the ACI interchange and information network.

To be sure there may be various views with regard to specific dollar savings,

but die methods used can be applied generally. This report and the preceding one

have attempted to set general guidelines and provide examples to indicate what

can be done in the area of making economic and operational studies of ACI. Each
railroad can apply these general guidelines and make adjustments for its individual

and operating characteristics.

APPENDIX I—ACI LOCATION COST SHEET

Location No

Scanner No

Sheet of

SITE PREPARATION

Electricity, construction charges

Communications, construction charges

Trenching (number of feet)

Scanner base installed

House foundation installed

House, set in place

Fill and cribbing

Relocate service road

Relocate tracks

Signal track circuit

Miscellaneous

Total one time charge $

ACI EQUIPMENT

Basic decoder $ Scanner, extra ...

Message generator $ Door & lock

Buffer, 500 label $ Interface—1050 or

Clock & power supply $ Teletype, for

Carrier index ( formatted ) .... $ example

Total of ACI e(iuipment charges

SERVICES & HARDWARE
Test and check single scanner. .$

Installation kit $

Hou.se, single $

Dual scanner

Cable, per ft X ft=: .

House, double

Total of services & hardware

Total ACI costs = SP + ACI EQ + S&H costs
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APPENDIX II—SELECTED BIBLIOGRAPHY ON AUTOMATIC CAR IDENTIFICATION

Note: MR = Modern Railroads

RA = Railway Age

RSC = Railway Signaling & Comininiications

rsc ^ Railway System Controls

Automatic car identification equipment specifications: RA April 18, 1966, page 8;

RSC May 1966, page 13.

Boston & Maine: KarTrak ACI on test—MR April 1963, page 78; RA March 25,

1963, page 40; RSC June 1963, page 22.

Canadian Pacific: MR October 1969, page 61.

Chicago Transit Authority: MR February 1966, page 73; RA April 4, 1966, page

18; April 13, 1970, page 64; RSC April 1966, page 22.

Detroit, Toledo & Ironton: MR September 1968, page 82; RA November 13, 1967,

page 41; September 16, 1968, page 28; RSC October 1968, page 15.

Duluth, Missabe & Iron Range: RA October 26, 1964, page 31; RSC November

1964, page 28; January 1965, page 20; November 1965, page 16.

General Managers' Association of Chicago: rsc August 1970, page 26.

How to make economic studies for ACI: RSC December 1969, page 22; February

1970, page 22; March 1970, page 22.

KarTrak ACI system, AAR standard: MR January 1968, page 68; RA October

9/16, 1967, page 8; October 23, 1967, page 25; RSC November 1967, page 22;

April 1968, page 20; May 1968, page 13; February 1969, page 11.

Missouri Pacific: RSC January 1970, page 32; February 1970, page 23.

Pennsylvania: MR March 1968, page 97; RA November 28, 1966, page 31; RSC
November 1966, page 23; January 1967, page 21.

Progress reports: MR October 1969, page 56; RA October 21, 1968, page 29;

September 15/22, 1969, page 81; September 14, 1970, page 58; RSC Septem-

ber 1969, page 23.
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NOTE. At the March 1970 annual meeting of AREA the author showed
80 slides or views of European railways, accompanied by brief com-

mentaries. This paper, without illustrations, provides a more detailed

coverage that includes the author's views or opinions about many
of the items discussed.

PURPOSE

An American, accustomed to the facilities, operations, services, institutional

settings, and other features of railroads in North America, finds much of interest

in the similarities to and differences from railway practices in Europe. This paper

gives brief attention to a number of such items. Through American eyes, it looks at

aspects of organization, plant, equipment, freight and passenger services, and mar-

keting. Some of the problems and prospects of the railways are then discussed.

During a 14-month period in 1968-1969 the author traveled extensively as a

passenger and patronized railroads as a shipper of industrial freight, in 11 countries

of Western Europe. The information herein comes from that experience.

RAILWAY GEOGRAPHY

Europe, from a railway point of view, is divided into five regions. The most

significant is the large group of 20 countries on the continent, in both Western and

Eastern Europe, with standard gauge (4 ft 8)2 inches), where standardized equip-

ment is routinely operated in interchange over the lines of a large number of differ-

ent railway administrations, as in the United States and Canada. This occurs regard-

less of political differences, as with the East German-West German through freight

and passenger services. Four regions adjacent to this main one have special char-

acteristics. In the British Isles, including the United Kingdom and Ireland, the

gauge is standard but the rolling stock is different; the cross sections of passenger

and freight cars are smaller in area, and the design of couplings is especially archaic.

Spain and Portugal have wide-gauge track, and almost all their rolling stock is con-

fined to that peninsula. In the USSR there is both wide-gauge track and a different

and much more modern system of couplings. Finland is a special case, with a wide

gauge inherited from its former days as a part of prc-1917 Russia, but with its econ-

omy oriented more toward the western world; the break-of-gauge is at the Swedish

frontier.

In addition, there are scattered narrow-gauge railway lines, most of them in the

mountains of Switzerland.

t Discussion open until December 15, 1969.
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It is characteristic of Western Europe that the population densities arc high,

with about 200,0()0,()00 people in the six E.E.C. (Common Market) countries, and

over 300,000,000 v\'cst of the Iron Curtain. There are many cities with modest dis-

tances between them, large rural populations, heavy concentrations of industry,

thriving agriculture, and pervasive competition with rail by waterway, highway,

and air. The setting is similar to an enlarged Northeast Corridor, with much more

industry and agriculture added to it.

In this paper, "European" or "Continental" refers to the main region on the

continent with standard-gauge tracks; British Rail is discussed separately from time

to time, and litUe attention is given to the broad-gauge and narrow-gauge lines.

(The narrow-gauge lines are unusually interesting to a railroad enthusiast ])ut offer

no useful comparisons with American railroads.

)

RAILWAY ADMINISTRATION

Large privately owned railroads, as found in North America, no longer exist.

Most of the railroads in Western Europe started as private enterprises and came
under governmental control in more recent times due to their various financial diffi-

culties, for example in France just before and in Britain just after World War II.

In general, each country has a single railway enterprise, operating all or most

of the railways within that country. It is owned either entirely by the government

or as a mixed-stock company in which the government has majority control. The
railway is usually operated as a corporation or self-contained enterprise rather than

as a government department. When wholly owned, it is more like the Panama Canal

Company', or the new United States Postal Service, rather than like the previous

United States Post Office. When it is partially owned then the government role is

like that of any majority shareholder acting through the elected board of directors.

Government fimds received in addition to operating revenues are usually as pay-

ment of special types of service, as reimbursement for special categories of costs,

for special functions performed, or as investments in capital impro\'ements. A few

railroads have really large and chronic deficits to be made up by their governments.

The relationships of the Canadian government with Canadian National Railways

reasonably resemble many of those in Western Europe, and some states like Massa-

chusetts, Connecticut, New York, New Jersey, and Pennsylvania are finding them-

selves in more and more similar relationships with the rail lines they own, lease,

or contract with for passenger services. In addition, in some countries (Britain,

France, Italy) the railways receive large amounts of captive freight traffic originated

by nationalized enterprises, like coal mines, steel mills, automobile factories, and the

like, one or more categories of which exist in each of these countries.

In some countries there are a few privately owned railroads, usually short

branches or industrial switching facilities, and there are also lines owned by lower

levels of government (states, provinces, cantons, cities). Switzerland has the most

such non-Federal facilities, for example the standard-gauge main-line Lotschberg

Tunnel route, various branch lines, and the many narrow-gauge and cog railway

enterprises.

PLANT

Railroad lines are often easy to observe, on the continent and in Britain, as

equipment is frequently designed so that passengers can ride at the front of the train.
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either standing and looking through the car door, or seated in a glassed-in observa-
tion area or just behind a glass partition separating the passengers from the

engineer.

Track

Standard track has opposed joints, giving a different ride than with North
American staggered joints. Continuous welded rail is extensively used in a number
of countries; some of it was seen in most of them. New bolted rail was also being
laid on some main lines; standard rail lengths, incidentally, are much longer than
in North America. Ties are most typically wood, but there are extensive installations

of a large variety of concrete, composite concrete and steel, and all-steel ties, with
many more going into place. Most track is well ballasted. Maintenance looked excel-

lent in all countries, with sound ties, clean ballast, proper line and surface, few
weeds, and attention to drainage. Maintenance of way is well mechanized, using a
wide \ariety of machines, but one also sees much more hand labor than in North
America, partly for track work and especially for the maintenance of adjacent slopes,

including brush-cutting, a labor-intensive activity of questionable value. One might
generalize to say that trains are operated with less labor than in the United States,

but tracks are maintained with more. It is important to note that labor in Western
Europe is no longer cheap and plentiful. Most countries ha\e full-employment econ-
omies with rapidly rising wages; much other employment is more attractive than
railway work, and there is active and often aggressive competition for capable man-
power. All railroads are operating at substantial deficits, so that cost control is of

ever-increasing importance. Thus, use of excess labor has an importance it did not
have even in the recent past.

Lines

Particularly noticeable to a North American are the extensive miles of multiple
track. Even with the more frequent train services resulting from shorter freight trains
and many more passenger trains, many double-track lines, particularly on other than
main lines, seem unnecessary; single tracks with passing sidings and CTC installa-
tions might suffice. Routing more trains over fewer routes (which might require
correlary substantial yard changes) and downgrading many non-main lines might
be possible. In most countries branch lines are gradually being abandoned (often
uith pohtical difficulties as in the United States), and Britain and France arc cur-
rently particularly aggressive in their retrenchment programs. In Britain there are
many lines with three and even four tracks; while these may be needed on main
intercity routes, they seem overabundant on others. There are only short stretches
of three- and four-track lines on the continent. Interesting examples of intensively
used single tracks are the line along the Italian Riviera between Genoa and the
French frontier near Nice, and the main and only line through western Austria.
There is very clearly much less use made of single track with passing sidings and
CTC than is common in North America, and this is probably less understandable
to the author than anything else he observed.

Structures

There are many new bridges of interesting contemporary structural design.
Some replace destruction of World W'nr II, while others are recently built or still

under construction for grade separations, particularly with new limited-access high-
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ways (the E-Routes, throughout Europe, correspond to the Interstate Highways in

the United States, and a massive construction effort on them is under way). There

is frequent need for and use of tunnels to achieve reasonable grades and alignments

in mountain territory. The new high-speed hne under construction in Italy between

Florence and Rome, 162 miles long compared to the present 196-mile route, will be

a showcase of long and numerous bridges and tunnels, as the Appenines are very

rugged.

Signals

Color light signals of various designs are standard on most main lines and many

secondary ones, and one has to hunt for the older semaphores ( they are now most

easily found in Britain) and mechanically operated signals that were so common

a generation ago. CTC seems infrequent. There are many between-rail electronic

installations at signals, to operate automatic train-stop and dead-man control equip-

ment.

CommunicaMons

This category of facilities, like signals, is not easy for the observer, no matter

how interested, to learn much about. Direct long-distance dialing of telephones for

both domestic and international calls, from both homes and offices, is now standard

in most of Western Europe, and telex service is far more widely used in business

there than in America. As telecommunications, like railroads, are governmental

enterprises, it seems reasonable to believe that railroads are at least as well provided

with such facilities as everyone else.

Electric Traction Fixed Facilities

This category of plant is far more interesting in its extent, complexity, and

variety than in North America. Extensive electrified lines reach from the toe of Italy

to northern Germany, and from the seacoast to the Iron Curtain, including most

main-line railroads in Western Europe, and almost all lines in Switzerland. There

are also electrifications in Norway and much of Sweden, to a much lesser extent in

Spain, Portugal, and the United Kingdom, and also some of the Eastern European

countries (including the USSR, which has electrified the Trans-Siberian as far east

as Irkutsk). On standard gauge in the West, only Denmark has little and Ireland

has none.

Almost all electrifications are with overhead catenaries; third rail is used on the

Southern Region of British Rail, a few short lines in France and Germany, and in

most subway or metro systems. Electrifications are 1500 volt D.C. ( Netlierlands

and central and southern France), 3000 volt D.C. (Belgium and Italy), 15,000 volt,

16% hertz A.C. (Switzerland and West Germany), and 25,000 volt, 50 hertz A.C.

(France and new hues in the United Kingdom). The 16% hertz A.C. system is an

older one long used in Switzerland and installed on a large scale since World War II

in West Germany; it compares to the 25 hertz electrifications on the Penn Central.

The standard industrial frequency in Europe is 50 hertz (as 60 hertz is in North

America), and use of this frequency for railways was perfected in France in the

mid 1950's; it has subsequently been adopted in many countries throughout the

world. The French are so satisfied with it that it is used on new electrifications and

even extensions of older ones, even though they already had long distances equipped

with 1500 volt D.C; as a result domestic services often operate over routes with
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two kinds of current. For exaniplc, on the Paris to Marseilles main line, D.C. was

installed north of Lyon in the early 1950's; A.C. was installed south of there several

years later. British Rail remodeled to A.C. a line completed only a few years before

with overhead D.C. The virtues of 25,000 volt, 50 hertz A.C. electrification are that

substations can be placed much longer distances apart compared to a lower voltage

system, the use of A.C. eliminates all problems of conversion to D.C, and industrial

frequency means that direct connections can be made between substations and the

national high-voltage grid, without the requirement for parallel transmission facil-

ities for a special kind of alternating current. In addition, the catenary is lighter, as

the amperage is lower.

It is an interesting feature of these electrifications that the supporting poles,

brackets, guy wires, clips, and so forth, and the configurations of catenaries and

their related wires are substantially different in every country. For example, for

supports the Italians use steel pipes, H-beams are used in Belgium, steel latticework

in Germany, and wood poles on some lines in Switzerland. Cables between these

uprights hold up the catenaries in Germany, difterent designs of brackets are used

in Belgium and Switzerland, and steel lattice cross members in Britain. The author

is confident that he can identify the locations of most electrifications from photo-

graphs, each standard design is so different.

Catenary is suspended at very uniform height; observing the pantographs for

long periods while riding on high-speed trains the author saw almost no up-and-

doun movement, and little arcing.

Yards

European railroads all have a very large number of yards. These are the result

of the operating practices of the past, the large numbers of cities, major factories,

many railroad junctions, and numerous frontier interchange points. Most railroad

administrations are now making major eff^orts to build new yards, and to eUminate,

consolidate, and upgrade old ones. Modern yards appear to have most of the fea-

ture's of similar installations in North America, though they seem to be smaller,

presumably because of the reduced lengths of European freight cars and die more

frequent dispatch of shorter trains.

Passenger Stations

These vary from nineteenth-century museum pieces, often repeatedly remodeled,

to highly attractive and functional new facilities, such as Euston in London, New
Street in Birmingham, Montparnasse in Paris, Central Station in Brussels, the station

still under construction in Berne, and many others. Most large-city stations are as

busy with trains and people for many hours per day as only a \ery few American

and Canadian stations ever are. Extensive walking is usually required (the curse

of most railroad and airline terminals), and stair climbing from corridors to plat-

forms is often called for, even in important stations; Belgium seems to win first

prize for the frequent use of moving stairways. Direct connections to subway

(metro) stations are providt^l in most cities that have such services. Air-rights devel-

opment over stations is .starting ( Brussels Junction Line, Care Montparnasse in

Paris, for example).

Freight Stations and Freight Handling

The railroads of Europe; are major carriers of LCL frcigiil, intiuding much of

what moves in the United States as parcel post. Freight forwarders are also sig-
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nificant in some countries (like Danzas in France) and motor carrier subsidiaries

of railroads handle much LCL freij^ht in others (like Van Gent & Loos, in the

Netherlands )

.

What is true in North America is about the same in Europe—freight handling

facilities range from ultra-ancient to ultra-modern (the author has seen all kinds).

Buildings are of all kinds and qualities, fork lifts are in common use, and there are

various kinds of conveyor systems in some larger terminals. For heavy freight, over-

head cranes are more popular than in North America. Large rublier-tired mobile

lifting devices for containers are coming into service.

Any freight handling operation on the continent of Western Europe is differ-

ent in one respect from the United States, Canada, or even Britain—there is far

greater use of palletization. There is a European pallet pool, with millions of stand-

ard, high quality, reusable pallets. Their dimensions are 800 mm by 1200 mm,
equal to 31/2 inches by 47/4 inches. Collapsible wire baskets of pallet size are also

in this pool. The pool is operated jointly by about ten railroads; the owning railroad's

initials are branded into the ends of each pallet. Industries can stack (and strap)

merchandise on them upon initial manufacture, use them for shipping and receiving

goods, and keep them for storage as well—pallets from a half-dozen railroads,

stacked with merchandise, may be in a warehouse for years; goods move through

complex manufacturing and distribution systems always on a single pallet.

Pallet dimensions are such that they fit together nicely in standard European

box cars; alas they do not quite fit in ISO containers—the United States measure-

ment of a maximum 8-ft outside width prevailed in the setting of the international

standards, and the English and metrfc dimensions are not modularly coordinated.

This system is financed by an initial payment from a business firm when it signs

a contract with the railroad serving it to join the pallet pool, the charge being

equivalent to the purchase price of an initial supply of pallets. Every time a loaded

pallet is offered to the railroad for shipment an empty one is given in return; the

opposite is true for deliveries. A small service charge is levied each time a pallet

circulates through the system, to allow for repairs and replacements. With this

arrangement the return shipment of empty pallets, or the alternative of scrapping

pallets after a single use, are both eliminated.

STANDARDIZATION, AND THROUGH OPERATION OF CARS

Railways interchange freight and passenger rolling stock on a continent-wide

basis, and some locomotives and special train-sets make through runs on the tracks

of two or more administrations. These practices go back many years, controlled

by the three Bern conventions signed in 1886, 1890, and 1923, and the continuing

arrangements that have developed from them, supervised by the UIC (International

Railway Union ) and its sister organizations.

These provide rules for passenger and freight services, for through operations,

interchange of cars, routing of empty cars, scheduling arrangements, physical

standardization including dimensions, construction features, brakes, and couplings,

standardization of car numbering and marking (including the use of check digits

as part of the car numbers), timetable arrangements for international trains, and a

multitude of other details.

Other organizations and agreements serve to standardize services on the inter-

connected railways of Europe and Asia that are in the socialist countries, with most

Eastern European countries a party to both arrangements.
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Specially equipped cars can operate in interchange between regions with dif-

ferent standards. Some go back and forth between Britain and the continent, via

the rail ferries across the English channel; these meet British clearance restrictions,

and need two kinds of couplings. Some freight and conventional passenger cars are

equipped with changeable axles or adjustable wheels for operation over the broad-

gauge railways of Spain and Portugal as well as the standard-gauge tracks of most

of the rest of Europe (TRANSFESA box cars and INTERFRIGO refrigerator cars),

and a Spanish Talgo train operates high-speed passenger service from Barcelona,

Spain, through France to Geneva, Switzerland using adjustable wheels. There are

passenger cars from the Soviet Union, with adjustable axles, that are included in

consists of through passenger trains operating as far west as the Netherlands,

Belgium, and France.

FREIGHT SERVICES

Freight rolling stock for international operation is standardized, as already

noted, and few cars have to be confined to any single country within the main

20-country region, though many special purpose cars are.

Major car building programs are lessening the average age of the total fleet,

with a majority of the standard-gauge cars in Western Europe now of post-war

construction.

Most rolling stock is owned by the railway companies. A large number of

general-purpose freight cars are contributed to the EUROP pool, in which each

railroad can operate EUROP cars as if they were its own, i.e., without regard to

the normal interchange rules for routing and return of empties. A per diem settle-

ment is made for the net differences, as determined from records kept at inter-

change points. Much empty mileage is thus avoided.

Significant quantities of freight rolling stock are privately owned, by all sorts

of shippers, for the transport of their own freight. Such varied enterprises as coal

mines, steel mills, oil companies, grain and flour milling companies, breweries, and

manufacturers of all sorts of commodities own freight cars operated in domestic

and international traffic. These cars often include much modern, automated, and

often high-cost equipment for use in specialized traffic.

There are also fleets of special-piupose rolling stock, such as refrigerator cars

and automobile rack cars ( articulated with three axles ) that are owned by car

companies that are in turn jointly owned by the railroad companies, rather like

Pacific Fruit Express or Trailer Train.

An important new kind of car is the container car, with a framework eciuipped

with lugs spaced to lock into the corner castings of 20, 30, 35 (some cars), and
40-ft containers. As used on the continent the cars have standard couplings at

both ends. British Rail has a large fleet of five-car permanently coupled car .sets

for its freightliner container services.

Under the new freightliner concept in Britain, the liner trains transport ISO
containers; these have designs and dimensions standardized by the International

Standards Organization. The containers are brought from the .shippers to the trans-

fer terminals by trucks, and are then transferred to railroad container cars operating

in non-stop shuttle service between pairs of cities, avoiding all yards, on routine

overnight schedules. They are then trucked from rail terminals to destinations the

following day. This is envisioned as the means of leap-frogging the merchandise

freight service of British Rail over its equipment and operational obsolescence, while
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tailored to the facts of geographical size and truck competition, and assisted by

certain coercive features against long-haul trucking included in the 1968 Trans-

port Act.

Most freight cars have two axles. The most compelling features in design of

both continental and British rolling stock are the much more restrictive clearance

diagrams than in North America; this is noticeable in the width, and to some

extent maximum length (dictated by the clearances on curves), and in particular

in the height. The height is thoroughly restricted by the thousands and thousands

of miles of electric catenary suspended much lower over the tracks than in North

America. This limitation is particularly obvious for auto-rack cars, on which auto-

mobiles can only be placed in two tiers, and then only by depressing the lower

level of the car between the wheels. It is also obvious in the difficulty with piggy-

back, as it is impossible to load a trailer equipped with wheels on top of a Hatcar

or piggyback car of similar height, as is done in the United States and Canada. A
special car (called a kangaroo car in France) is needed on which the trailer wheels

fit in pockets and come down close to the rail height, making for awkward loading

and unloading. Thus the loading of containers is much more attractive than the

loading of trailers, a significant diff^erence from North American practice.

Freight trains are much shorter than in North America. It is very usual to see

40, 30, or even 20-car trains on main lines, and trains over 50 cars are much less

common. There is conspicuously greater frequency of service; many lines have

trains every few minutes. There are no cabooses. The author suspects that this ma-

jor difference in operating practice is related to the different labor conditions. A
single man in an electric locomotive is the entire crew of many a train; on passenger

trains he will be supplemented by a single ticket collector.

Most freight trains operate at moderate speeds, but there are relatively high-

.speed freight services (TEEM—Trans Europe Express Merchandise) operating over

a network of domestic and international main lines with published timetables; these

are an attempt to compete more effectively with motor carriers for desirable long-

haul merchandise traffic.

PASSENGER SERVICES

Passenger services are operated throughout the length and breadth of Europe,

with a volume and variety of patronage unknown in North America. The volumes

of commuters brought into large cities by rail are astounding to an American, and
the efficiency of operation of these services is remarkable. In the Gare St. Lazare

in Paris, the Junction Railway under Brussels, and many other places during peak

commuter hours, standard railway trains are operated much like rapid transit systems

in terms of headways and stopping times at platforms. In addition the train is still

the major carrier for longer distance, vacation, and low-price travel, and the rail-

ways actively compete with the airlines for the business traveler. In all its markets,

however, the rail passenger services are suffering from constantly intensifying auto-

mobile, bus, and airplane competition. The railway companies are reacting by such

varied tactics as phasing out branch line .services; increasing speeds to provide more

attractive schedules, using better equipment on main lines, especially those connect-

ing major cities; reducing off-peak main-line services, automating, offering fares

that are especially attractive for family, group, and vacation travel; transporting

not only the passengers and their baggage, but their automobiles as well; moderniz-

ing or constructing new railroad stations; building new suburban stations with large
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adjacent parking lots; and even starting construction of super-railroads like the one

between Florence and Rome. In addition, they also seek governmental subsidies for

continuation of operations that are otherwise unremunerative.

For passenger services there are locomotive-drawn trains and nniltiple-unit

trains, usually with electric traction. In the Netherlands and Belgium, for example,

almost all services o\er electrified lines (most major lines are electrified) other than

trains on international runs are with electric multiple units. In most countries

passenger cars for domestic services are significantly different from those for inter-

national trains. Some countries have rolling stock with better quality appointments

than do others, and with better maintenance, and experienced travelers look for

these when boarding a train that includes cars in international service. Specialized

diesel and even gasoline-powered units are in use on light traffic branch lines, the

Michelin cars in France are one example; many fascinating sizes, shapes, and per-

formance characteristics are in use.

Most countries have specialized passenger rolling stock confined to use within

that country, to a metropolitan area, or even a single line; frequently this is

multiple-unit equipment with electric traction. On some Paris suburban lines cars

have lower than standard floor heights, for easy boarding. Typically these fleets

have special systems of automatic couplings (for example in France, Belgium, and

the Netherlands). This feature is especially desirable as the standard European

coupling is universally agreed to be obsolete, requiring hand labor under undesirable

working conditions to connect and disconnect ( the not-yet-solved problem is how
to justify die expenditure for and physically carry out the replacement of the

couplings on a continent-wide Heet of rolling stock). As an example, the special

coupling in use for over 30 years on multiple-unit electric trains in the Netherlands

also automatically couples brake lines and electrical connections, in a fashion similar

to the new couplings of the Penn Central's 'Metroliners. Occasionally such non-

standard equipment operates on specific international runs. Examples include the

hourly service operating between Amsterdam, the Netherlands and Brussels, Belgium,

and most of the Trans-Europe Express train-sets, that are incompatible with any

others, and often with each other.

The pride of Western European passenger services are the TEE (Trans Europe
Express) trains. These are first-class-plus-extra-fare, high-speed luxury services con-

necting most principal cities. They operate within one country and through two

to as many as five countries, with great emphasis upon eliminating crew changes,

on-time performance, short station stops, frontier formalities in the moving train,

and with ultra-comfortalile passenger amenities, including choice of compartments

or open coaches and with club and bar cars and diners. They feature air condition-

ing, advanced seating and lighting, attractive interiors, and large panoramic win-

dows (Why are Metroliner windows so small?). The author regularly used a four

times daily TEE service between Brussels and Paris, 195 miles in 145 minutes, includ-

ing two intermediate stops, making one-day business trips between the two cities

an easy matter; he and one of his sons even had haircuts in the train barber shop

on the Mistral, a French TEE train. An even more super-luxury train is the Sette-

bello, operated between Milan, Florence, and Rome, in Italy; it features luxury

seating and space unlike diat on any other train anywhere, and a head-end observa-

tion area that is a track-watcher's delight.

The TEE and similar services are designed to compete with airlines for center-

city to center-city travelers, just as the Penn Central Metroliner ser\ice does. This
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objective is easier in Europe as the cities are not too far apart. There is frequent

disruption of winter air services by ground foR, and the cumbersome airport pro-

cedures in Europe relative to customs and passport formalities and baggage retrieval,

which are very time-consuming.

Sleeping car services are still well patronized between some city pairs, with

evening departures and morning arrivals, for example between Paris and Hamburg
or Milan, or between the Netherlands or Belgium and Switzerland. New sleeping

cars are still being built.

A very popular new development is the couchette car, in which the compart-

ments provide seats for six people during the day, and these seats and their backs

fold down at night to provide bunks for six, with a sheet, blanket, and pillow pro-

vided by the railway. With the many family-fare plans, use of rail by a family

going a long distance on vacation is substantially cheaper than flying, and the

couchette is priced only slightly above the regular train fare.

A new service is attracting especially rapidly growing patronage—the auto-

sleeper train. The family car is driven to a loading platform in mid-afternoon or

early evening and placed on an auto-rack car; the family then travels in a sleep-

ing or couchette car while the train speeds across Europe, non-stop except

for crew changes. For example, departure from northern points in Germany, the

Netherlands, Belgium, or northern France, including the channel ports, will result

in morning arrivals of passengers and their cars in Switzerland, Italy, the French

Mediterranean coast, Yugoslavia, and the Spanish frontier. The German and French

railways operate similar domestic services. Anyone who has experienced European

summertime highway congestion; wintertime snow, ice, and ground fog; and year-

round undisciplined driving will immediately appreciate the attractiveness of these

services.

LOCOMOTIVES

Europe is a delight to anyone with an interest in railway locomotives. A large

number of manufacturers in many countries have created a wide variety of models

over many decades.

While many countries no longer use steam engines (such as Netherlands, Bel-

gium, Switzerland, Austria), they still operate in several others, downgraded to less

important services as the conversion to electric and diesel motive power progresses.

In France and Germany former main-line steam locomotives are operating on branch

line freight and passenger services. The Gare du Nord in Paris on a frosty morning

is a delightful scene, with the sights and sounds of steam pulling numerous com-
muter trains on some of the not yet electrified suburban lines. In Italy some fascinat-

ing antique branch-line steam locomotives are still in use.

At the other extreme, Switzerland's locomotives are essentially all electric, with

small diesel switching units in some yards and terminals. In many countries electric

traction is now the dominant form of motive power, in use on most main lines, with

a wide variety of locomotives, of all sizes, tractive efforts, speed capabilities, styling,

and vintage. New high-speed, high-capacity electric locomotives will pull fast pas-

senger trains over the same lines as ancient electrics pidling short freights. ( When
does a well-designed and maintained electric locomotive reach the end of its

useful life?)
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Diesel-electric locomotives are also common, again of many kinds, sizes, and

power, and from many builders. The U.S. design influence can sometimes be recog-

nized in models built under license from General Motors (Denmark is an example).

There are diesel-hydraulics, too, particularly in Germany, bringing memories

of the imported Kraus-Maftei diesel-hydraulics operated liy the Soutliern Pacific

and the Denver & Rio Grande Western in the early 1960's.

In the past most locomotives did not operate lieyond their own country, and

at or near frontiers there were yards and engine service facilities for changing power

on trains. Today there is more through operation on specific runs, particularly for

the TEEM freight trains and for the TEE and other high-speed passenger trains.

For electric operation this has necessitated design of locomotives able to operate

on two, three, and sometimes four kinds of electricity (discussed earlier in this

paper). On newer models the engineer can automatically switch from one kind of

electricity to another, as the type of electrification of the overhead catenary changes,

by pushing a button on his control panel.

RAIL FREIGHT RATES

Freight rates in each country follow a generally similar pattern. They are vastly

simpler than in North America. The tarifl^s for a single country, even as important

a one as France, fill only a relatively few books. The French tariffs are about a

2-ft high pile of paper, and in an office of the Belgian National Railways devoted

to determining tariffs for freight moving throughout Europe, the tariff collection

filled only one modest-size bookcase.

Basically, in each country there is a classification, subdividing all freight into

a few broad categories, instead of thousands of different classifications as in the

United States. From this a class is determined for the freight, or the existence of a

special classification is determined. The distance tables are tlien referred to, giving

the distance in kilometers between origin and destination; these tables make up the

largest part of the physical bulk of the freight tariff for a country. A third book

then presents tables with actual charges, for each class, for each distance, and for

various weight groupings. Charges are tapered, i.e., short hauls pay a higher charge

per kilometer than long hauls, or, stated otherwise, the increments in charges per

kilometer become less as the distances to be moved l^ecome longer. Tliere are .special

commodity rates for some specific items moving l^etween specific points. These are

listed .separately (one loose-leaf book in Belgium) and apply mostly to iron and

steel products and coal, with some other items as well. There are also specific

charges applicable to use of special cars, or for extra services.

In France there is a dual-rate structure, with the standard rate applicable to

ordinary service, and a .somewhat higher rate applicable to accelerated or premium
service. Another interesting feature in France is that the distance tables are ad-

justed to provide for tariff distances somewhat lower than actual geographic dis-

tances on some heavy-traffic main-line routes, on which economies of scale can be
achieved, and distances greater than actual on light-traffic lines, to allow for the

reduced efficiency of their use. This has the result of providing an incentive to

industry to locate along main lines, and aids the long-range goal of eliminating

many of the branch lines.

In Britain, greatly simplified tariffs paying relatively little attention to classi-

fication of the goods are a part of the new freightliner .services.
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There is a two-fold rate penalty on international traffic. The charges on a

shipment moving in two or more countries are ihe total of those computed from the

point of origin to the frontier, then in the next country from frontier to destination,

and in addition from frontier to frontier for transit (bridge) traffic through a third

country (Switzerland has a lot of such traffic moving between northern Europe and

Italy). Instead of using the overall distance between terminals, the shorter distances

within each country are used, and with the taper of rates built into the mileage

tables, a higher charge results than for a shipment moving the same distance entirely

within one country. In addition, a per-car charge is levied for frontier formalities.

With the growth of multi-national trade under the stimuli of the Common Market

and its customs union these penalties are coming under review by the European

Economic Community. The growth of long-haul international trucking, with its alto-

gether different cost stmctures and rate practices is also threatening this traditional

form of railroad ratemaking.

PASSENGER TICKET SALES

Tickets for rail passenger travel are much more easily purchased in Europe.

It is not necessary to go to a railroad station, or railway city ticket office, except

for tickets for local travel. Long distance train tickets, both domestic and inter-

national, are most frequently bought at travel agencies. Like the airlines world-

wide, and unlike American railroads, the railways in Europe pay an attractive com-

mission to the agencies, and provide them with l^lank ticket stock and fare sched-

ules. These schedules are simple to use, based on determining the kilometers along

the exact route to be traveled, and then looking up the price for that distance on a

chart. Prepared tables are available giving immediately the through fares to princi-

pal cities and frontier points all over Europe, further simplifying these calculations.

Thus, even the smallest agency can issue, on the spot, a ticket to anywhere in

Europe, with special tickets, like family fares, available on short notice. Reserva-

tions, such as for sleepers, TEE, or auto-sleepers, and for reserved seats in smoking

or non-smoking compartments on regular trains, are secured by telephone from the

railroad by the agent in the few minutes that a customer is willing to wait. Payment

arrangements are between the travel agent and the traveler. The author, living in

Brussels, had a charge account with a travel agency, could phone his agent for

reservations and tickets on a particular train (or airplane), and have the tickets

delivered by messenger to his home or office a few hours later, at the same price

charged at the railway station. A bill followed in the mail, to be paid later, also by

mail, with a check. This contrasts with the trouble to buy a ticket for an American

train, even for the Metroliners, a service where the railroad company presumably

really wants the business.

At stations in some countries there are ticket vending machines. The most

elaborate model seen, in Switzerland, automatically sells first and second class, one

way and round trip tickets to a choice of several dozen destinations, and delivers

correct change if too much money is inserted.

Special family, vacation, unlimited travel, senior citizen, student, and other

fares and a wide variety of excursions and tours, often including sightseeing busses,

accommodations, meals, excursions, and so forth are all aggressively merchandised

by the railroads through travel agencies and by advertising.
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PROBLEMS AND PROSPECTS

The railroads of Western Europe are confronted by problems of enormous

magnitude. These are assaulting them simultaneously, and have developed over a

shorter period of time than it took in the United States. They are causing both

serious financial problems and major challenges to the abilities of their manage-

ments. (Eastern Europe is excluded from this discussion.)

Intermodal Competition

Most important is the evergrowing pervasive competition of other modes. The
governments that own the railroads also are engaged in massive highway construc-

tion programs. They are building the E-Routes, an extensive network of limited-

access multi-lane freeways, similar to the U. S. Interstate System, that interconnect

major population, production, agricultural, and recreational areas, with routings

planned with a continental as well as an individual nation point of view; there are

also extensive programs of other highway improvements and large parking-garage

construction programs in most cities. Canal systems and the navigable portions of

ri\'ers are being modernized and extended, as are ports. Airports, both large inter-

national air-line centers and regional airports are being constantly enlarged and

improved.

Western Europe produces automobiles in a volume approaching the United

States, and about % as many trucks, and per-capita automobile ownership in some

countries approaches the statistics for some U.S. regions. Families and industries

are shifting many of their transportation needs and uses to road transportation,

and cities and industries are expanding in patterns oriented towards the highways.

As a result the railways retain many of their peak passenger demands—the

commuters and seasonal (summer, Christmas, Easter) vacation travel—liut are

losing heavily in their off-peak volumes. Thus they require about the same plant

and equipment but have less efficient utilization and lower income, in a period of

rising costs; fare increases always push some additional customers into their auto-

mobiles. The development of new services, such as TEE, auto-sleeper, new fare

incentives, etc., has already been discussed.

In freight the situation is even more discouraging. Merchandise freight is mov-
ing rapidly to the highways, not only for short-haul but increasingly for long-haul

as well. In a small country trucks can deliver anywhere in the same day, door to

door. This is impossible for a railroad, even siding to siding. Goods can move
between points in two countries, perhaps through one or two others in between

as well, in far less time than ])y rail. In bulk commodities, too, the problems are

serious. Waterways have long been important carriers of bulk freight as well as

merchandise freight, and much heavy industry is located along waterways. This

mode is growing steadily. Volumes are unbelievable to Americans; 1500 ships per

day pass Dordrecht, in the Netherlands, on one of the deltas of the Rhine. Oil

pipelines, slow to come to Europe, are extending rapidly. Gas pipelines are extend-

ing even more rapidly, as vast supplies of natural gas from the Netherlands and
the USSR arc distributed through Western Europe, replacing coal, until recently

the dominant heating fuel, and one that often moved by rail as well as by water.

Trucks even move such commodities as scrap iron and clay as backhauls o\er long

distances because, it is explained, "of poor raihoad service." It must be recalled, too,

that the truck has until now been subjected to mucli less economic regulation as to

rates, routes, weights, etc., than in the United States.
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The competitive situation in freight is now adjustinj^ slowly. While trucking

continues to develop aggressively, in volume and in services, governments are be-

ginning to set some limits on truck operations, partly because of highway conges-

tion and partly to protect their railways. For example, Germany bars trucks from

freeways on summer weekends when they are crowded with automobiles, and is

starting to limit the number of them allowed to haul over 30 miles ( the Leber

Plan). Britain intends to place some limits on long-haul trucking as soon as the

freightliner service is well developed (1968 Transport Act). France regulates truck

rates, forcing them to be higher than railroad rates.

At the same time, most railroads are starting to make at least some counter-

moves. Freight marketing has a long way to develop before it matches the best of

American and Canadian practices, but it is starting. Technical and operational inno-

vations are being introduced that may help. Some railroad managements are begin-

ning to realize that they are now special-purpose carriers that have to develop

specific services for specific types of freight, and that general-purpose railroading

will no longer do. Freightliner and TEEM, already discussed, unit trains, special-

purpose cars, container services, incentive rates, trucking subsidiaries, and many
others, are examples. This is an area where the railroads still have much to learn,

to adjust to their new roles.

New Technology

Railroad plants appear more than adequate for traditional railroad operations,

but to stay competitive they must change. This leads to new technology, often ex-

pensive, and usually disruptive. Applications of cybernetics, high-speed operation

(the French, Germans, and Italians are well along in this area), automatic coupling,

automation, and new operating concepts are examples. More exotic hardware is

close at hand, such as TACV ( tracked air cushion vehicles ) . Whether these supple-

ment railroads or offer new competition to them may depend upon the institutional

relationships that develop.

Redeployment of Assets

There are many obsolete assets, in plant and equipment, often surrounded by
service commitments, and many new needs, usually expensive. The problem is to

phase out the old, extracting as much capital as possible, to redeploy to new
uses. Branch line abandonments, parallel track reductions, and yard rationalizations

are all examples of disinvestments; the opportunities for reinvestments seem almost

endless.

Availability of Capital

As public enterprises, new investment capital must come from or with the

support of government, either by direct grants or loans, or by sale of bonds to the

public, usually with government guarantees to make them marketable. In some
countries, like Britain, the government for most years since World War II made
only restricted amounts of capital available. By contrast France has followed a

policy of generous investment in new facilities, parallel to disinvestment from old

ones. The Italian government is now committing $320,000,000 for the new 162-mile

super-railroad from Florence to Rome. The ability to adjust and to compete, coun-

try by country, will depend on the availability of needed new investment funds

as much as any other single factor.
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The Small Country Problem

Small countries seem to the author to have particular and special problems.

How the railroads of the Netherlands, Belgium, Luxembourg, Switzerland, Den-

mark, and Austria are to exist in the forms they have in the past is difficult to visual-

ize in an era when railroads are becoming more specialized, and the shift in freight

haulage is to longer distances and away from short-haul business. Perhaps they will

become new kinds of regional rapid transit systems in the Europe of the future,

with auxiliary specialized freight services. The hourly and half-hourly passenger

services of the Netherlands Railways and their movement of most freight only at

night is a start in this direction. The future of the Long Island Rail Road, now
owned by the State of New York, is a partial American analogy to the problem,

with the significant difi^erence that Long Island has little transit (bridge) traffic

or heavy industry, whereas most of the small countries have either or both of these

types of business.

Labor Cost

As already noted, labor costs are growing rapidly, and the railways bear the

burdens of generous welfare and pension programs for their employees. Most man-

agements are attempting to reduce manpower, not only by retrenchment and auto-

mation, but by eliminating activities (checking tickets at stations and general sta-

tion maintenance, for example). Fortunately, while railway unions are strong and

have political strength as government employees, the division into craft unions on

the continent is much weaker than in Britain or the United States, thereby making

more efficient use of labor easier.

Political Setting

It is often argued that government control brings the disadvantage of political

interference, and of capital starvation if a government is not interested. However,
privately owned American railroads claim to suffer from discriminations that have

political causes, and certainly capital starvation is well known to many of tliem.

Actually some nationalized railroads have done well in securing additional capital.

As for quality of management and staff, this probably varies as much as it does

in the United States. There are some outstanding people in government railroads,

in Europe and Canada, just as there are in privately-owned railroads. Government
ownership appears to offer some protection from intermodal competition, but none

from inxestment by government in competing modes. On the other hand, govern-

ment-owned railroads do know what sort of business they are supposed to be in,

and do not look to extensive diversification far outside transportation as their

salvation.

How one views these matters is in the realm of political philosophy, and that

is a subject well beyond the scope of this paper.





Advance report of Committee 16—Economics of Railway
Location and Operation

Report on Assignment 5

Location and operation of metropolitan transit systems

as related to current railway operations

72-629-4t

L. A. Durham, Jr. (chairman, subcommittee), R. H. Dunn, H. S. Bull, G. B. Dut-
TON, Jr., G. R. Gaspard, A. J. Gellman, W. W. Hay, H. J. Kay, T. D. Kern,
F. A. Koomanoff, Douglas McCorquodale, J. S. Reed, V. J. Roggeveen,
L. P. Rossi, J. E. Teal, Harold Wanaselja, D, M. Weinroth, J. R. Wilmot.

A nationwide renaissance of interest in rapid transit systems has occurred in

recent years because of tire increasingly evident fact that this is a mode of trans-

portation diat can economically serve expanding metropolitan areas.

The continuing population explosion, coupled with tremendous increase in auto-

motive traffic and spiraling costs for adequate highway construction, has made it

apparent tliat the orderly fmictioning and future growth of concentrated population

centers can only be assured by providing for the speedy movement of people be-

tween suburban and inner-city residential areas and work locations. Exhaustive

studies have indicated that tlie rapid transit concept—properly designed and con-

structed—provides a balanced transportation system that is so vitally needed in

many large cities around the world.

Railroad personnel on lines serving metropolitan areas are familiar with the

problems of pro\iding conventional passenger train service in these locations. With
the general decline in conventional passenger train service, on the one hand, there

ha\e arisen the problems of an expanding rapid rail transit system, on tlie other

hand. Therefore, on the basis that cooperation between railroads and municipal

transit authorities is imperative for the betterment of all concerned, Committee 16

was assigned to inxesHgate and report on the location and operation of metropolitan

transit systems as related to current railway oi^erations.

Previous presentations on this assignment have been as follows:

1. AREA Proceedings, Vol. 68—Bulletin 602, page 111: "Aspects of

the Needs of Urban Areas for Rapid Transit that are of Interest to the Rail-

road Industry."

This report presents the scope or size of the rapid transit problem;

reviews capacity, need and cost criteria for transit systems; and concludes

that railroad companies should collectively promote further investigation or

research to develop accurate information on design criteria of rapid transit

systems "to insure that any participation in transit operations by established

railroads is economically justified."

2. AREA Proceedings, Vol. 70—Bulletin 615, page 25: "A comparison

of Non-Conventional Rapid Transit Systems and Concepts with StetM-Wheel-

on-Steel-Rail Vehicles."

t Discussion open until December lo, 1970.
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This rei^ort presents a comparison of 21 types of transit systems cur-

rently in operation, planned and /or conceived as was developed in a study

commissioned by the British Ministry of Transport and the City of Man-
chester, England

This—the third report for Assignment 5— is concerned with a detailed com-

parsion of track structure and maintenance practices of seven American and one

Canadian rapid transit rail systems. Six of the subject systems have been in opera-

tion for many years while two are currently being constructed. Location and operat-

ing authorities are:

Boston, Mass.

Massachusetts Bay Transportation Authority

Chicago, 111.

Chicago Transit Authority

Cleveland, Ohio

Cleveland Transit System

New York, N. Y.

New York City Transit Authority

Philadelphia, Pa.

Philadelphia Transportation Company

Toronto, Ont.

Toronto Transit Commission

San Francisco, Calif.

The San Francisco Bay Area Rapid Transit District

Washington, D. C.

Washington Metrpolitan Area Transit Authority

A brief description of each system is given in Exhibits A to H. Detailed com-
parison of track construction and maintenance practices is presented in Exhibits I to

VIII. The latter exhibits were prepared in 1967 for the Washington Metropolitan

Area Transit Authority by DeLeuw, Cather & Company from replies received to a

questionnaire submitted to each of the other seven transit authorities. Additionally,

DeLeuw, Cather & Company and WMATA personnel visited each of the other

systems to verify the information obtained and to interview the engineering officer.
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EXHIBIT A

BOSTON. MASSACHUSETTS

MASSACHUSETTS BAY TRANSPORTATION AUTHORITY

Number of Routes 3 high-platform (FOREST HILLS-
EVERETT , HARVARD-ASHMONT

,

BOWDOIN-WONDERLAND

)

5 streetcar lines operating in
Central Subway (RIVERSIDE,
BEACON ST., COMMONWEALTH AVE.,
HUNTINGTON AVE., WATERTOWN)
1 right-of-way streetcar line
between ASHMONT AND MATTAPAN.

Number of Stations 49 on high-platform lines and in
Central trolley subway

H on Riverside line right-of-way
8 on Ashmont-Mattapan line right-

of-way
71

Annual Passengers Approximately 175,000,000

Number of Cars 48 Bowdoin-Wonderland line built 1923-24
40 Bowdoin-Wonderland line built 1951
100 Forest Hills-Everett line built

1957-58
92 Harvest-Ashmont line built 1963

"580

344 PCC streetcars built between
1941 and 1951*

*A11 but 25 cars can be operated in
2 or 3 car trains.
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CHICAGO. ILLINOIS

CHICAGO TRANSIT AUTHOhlTY

EXHIBIT B

Number of Routes 6 as follows:
State St. Subway Route (HOWARD-
ENGLEWOOD, HOWARD-JACKSON PARK)
Dearborn St. Subway Route (CONGRESS-
MILWAUKEE, DOUGUS-MILWAUKEE)
Loop "L" Routes (UKE ST., RAVENSWOOD)
Evanston Route (HOWARD-LINDEN
shuttle, and rush hour express
service to Loop)
Skokie Route (HOWARD-DEMPSTER)

Number of Stations 137

Annual Passengers 165,000,000 (1964 estimated total)

Number of Cars 180 air-conditioned (built I964)
767 "PCC" type (built 1951-59)

4 articulated (built 1947-48)
190 (built 1922-24)
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EXHIBIT C

CLEVEUND. OHIO

CLEVEUND TRANSIT SYSTEM

Number of Routes 1 (between Windermere
in East Cleveland and
Cleveland Hopkins Airport),

Number of Stations 16

Annual Passengers 16,760,031 (1964)

Number of Cars 88 — 70 (35 two-car units]
18 (18 single units)

20-70 (airporters)
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EXHIBIT D

NEW YORK. NEW YORK

NEW YORK CITY TRANSIT AUTHORITY

Number of Routes 37 (There are 3 operating
divisions—BMT, IND, IRT)

Number of Stations 482

Number of Passengers 1,376,255,865 (1964)

Number of Cars 6757
ef these, 4820 have been
purchased since 1948.
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EXHIBIT E

PHIUDELPHIA. PENNSYLVANIA

PHILADELPHIA TRANSPORTATION COMPANY

Number of Routes 4 as follows:
MARKET-FRANKFORD SUBWAY-ELEVATED,
BROAD STREET SUBWAY, RIDGE 8TH
SUBWAY, CAMDEN-LOCUST LINE
In addition, 5 streetcar routes
operate in the streetcar subway.

Number of Stations 62

Number of Cars 267 Market-Frankford (built 196G)
50 Broad (built 1938)
26 Camden (built 1936)

150 Broad (built 1928)
493
There are approximately 150 PCC
streetcars built in 1941-42 operating
in the streetcar subway.

Number of Passengers 1964: approximately 67,000,000
revenue and 118,000,000 total
passengers on rapid transit
lines, and approximately
30,0CC,0CC in streetcar subway.
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EXHIBIT F

SAN FRANCISCO. CALIFORNIA

THE SAN FRANCISCO BAY AREA RAPID TRANSIT DISTRICT

Number of Routes 75 miles
3 different lines

Number of Stations 37

Annual Passengers (estimated] Forecast for 1975

73.000,000

Number of Cars 1st order - 250
"A" Front End 75' long
"B" Middle Train Cars 70' long
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TOEONTO. ONTARIO. CANADA

TORONTO TRANSIT COMMISSION

EXHIBIT G

Number of Routes 2 - Tonge Street &
Bloor-Danforth

Number of Stations 45

Annual Passengers Approximately 66,000,000
before Bloor-Danforth

Number of Cars 13k built 1954-56
36 built 1962-63

164 on order

Maximum Cars Per Train

Line Opened March 30, 1954
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EXHIBIT H

WASHINGTON. D.C. (Under Construction)

WASHIMGTQN METROPOLITAN AREA TRANSIT AUTHORITY

oaber of Routes 7 major, 3nilnor
HOCKVILLE
GLENMONT
HUNTINGTON
ARDMORE
BRANCH
1-66
GREENBELT

laber of Stations 66

Ammal Passengers Forecast for year 1990:
292,610,000

uaber of Cars 658 (75 ft. X 10 ft. -

175 pass. cap. -75 m.p.h.
top speed)





DESCRIPTION

COMPARISON OF TRACK STRUCTURES AND MAINTENANCE PRACTICES

I GENERAL

A. Date of Last Construction

B. SInqle Revenue Track Miles
) . Subway

2. At-grade
3. Aerial
A. Total

C . Speed (mph)

1 . Haximum
2. Average

D. Gauge
I. Wheel

E. Wiee I Taper

F. "(all Cant

I I TRACK STRUCTURE

A. Type of Track Constructi
I . Subway

2. At-grade

3. Bridge & aerial structures

**. Special trackwork

Rai I (Main Line Tracks)

1. Weight t section

2. Welded or jointed

BOSTON

28.5
79. l*

19.2

127.1

35.'*

20.2

1. '•'-7 3/V'

2. it'-e 1/2"

40:

1

UO: I

I . Tie i ballast

2. Tie t bal last

3. Bridge ties

open deck

U. Tie i bal last

Bridge t ies on open

deck

1. \00l> ARA-B (78i'o)

85# ASCE (157o)

I05# DUDLEY (7%)

2. bS'A Welded
355f Jointed

CHICAGO CLEVELAND





COMPARISON OF TRACK STRUCTURES AND MAINTENANCE PRACTICES
DESCRIPTION

3. Type of welds
9. Shop

c. Max. length of CWR and
locet Ion

h. Hardened rail or special
alloyed ral

I

a. Type

b. Criteria for location

C. Rail Fastening
I. Details

a. Subway

Bridges & aerial str

tures

d. Special trackwork

2. Spacing
a. Subway

BOSTON

b. Thermite
self-heat t
pre-heat

c. 1500'

a. Small amount
ful ly heat treated
rail

b. On some curves
of 600' radius t undei

a. Screw spikes &

double shoulder tie

plates

d. Screw spikes

& plates

a. 30" on tangent

C curves over 2500'

radius.
2'» 3/8" on curves

under 2500' radius

b. Same as a.

c. Same as a.

CHICAGO

b. Thermite

c. 7100' on open
deck structure

a. Ful ly heat
treated

b. On curves undei

1250' radius I. in

special traclwork

a. Double shoulder
tie plates, spring
clips & boltSp screw
hold down spikes

b. Cut spikes,
double shoulder tie

plates & tie pads

plates

a. 2V

b. 2't" wood
30" concrete

CLEVELAND

c. 2000' on aerial
structure

B. None used

a. Double shoulder
tie plates t cut spikes

d. Cut spikes t

NEW YORK

a. Electric flash
butt

a. Ful ly heat
treated

b. On all curves
t In special track-
work

a. Cut spikes &

double shoulder tie

plates
On tangent track mold-

ed rubber rail seats

are replacing the

b. Cut spikes &

ti e plates

d. Cut spikes t

plates

a. 22 1/2" wood

29" rail seat

c. 22 1/2" tie t

ballast
18" open deck

PHILADELPHIA
BROAD ST. SUBWAY

a. Ful ly heat
treated
High carbon

b. On high ra I I

s

of curves of 750' rad-

ius & under & in spec-
ial trackwork. High
carbon, everywhere else

a. Screw spikes
for I ine and hold
down spikes and single
shoulder tie plates

d. Screw spikes &

plates

SAN FRANCISCO

a. Electric flash
butt, and oxy-acety-
lene upset

b. Thermite
pre-heat

c. Continuous on

tangent

a. Fully heat

treated

b. On curves unde
1900' radius i. in

special trackwork

a. Rai I to be

fastened directly to

concrete invert but

fastener is yet to be

determined

b. Cut spikes S

double shoulder tie

plates

d. Cut spikes &

plates

b. 2^" wood
30" concr

TORONTO

a. Fully heat

treated

b. On curves
>f 2600' radius S undei

"TTC" fastener

b. "TTC" fastener

with cut spikes for

hold down spikes

d. Same as b.

b. 23 3/8"

c. 23 3/8"

WASHINGTON

Electric flash butt

:, Continuous between
insulated joints

b. Economic I i fe

based on rate of rail

wear (Couard's
formulas)

Rai I to be fastened

but fastener
determined by

b. Cut spitzes & double
shoulder tie plates if
wood. Rai 1 CI ips and
elastomer pad if

c. Bridges: same as b

Aerial struct: same as

d. Subwev: same as a

Bridges & at-grade:
plates, cut spikes t
lock spikes.

27" wood

Same as a













COMPARISON OF TRACK STRUCTURES AND MAINTENANCE PRACTICES
DESCRIPTION

G. Special Trackwork

I. Specifications

2. Guarded or unguarded

3.





COMPARISON OF TRACK STRUCTURES AND MAINTENANCE PRACTICES
DESCRIPTION

Gu«rd Rai 1

1 . Criteri* for locat ic

2. Limits of construction

0. Pads

1. Tie

3. Elastomeric

E. Expansion Joints

I. Type

2. Criteria for location

F. Switch Heaters

BOSTON

I. On bridges
fills

2. Approx. 100' beyoni





COMPARISON OF TRACK STRUCTURES AND MAINTENANCE PRACTICES
DESCRIPTION

IV HAIMTEMNCE OF WAY

BOSTON CHICAGO

A. Track maintenance
work performed pri-
marily by manual labor.

Tracks are lined and
surfaced every ^7 yrs.

6 . Rail is replaced
w^er 3'U" vertical
headwear occurs on

IDO lb. rai I or 1/2"

on 85 lb. rai 1. No

rail grinding is per-

formed. Rai I 1 ife on

tangent is 12-1^ yrs.

before transposing,
then an additional 7

years. Rat I I ife on

curves of radius 500
ft. is 8-9 years. Heat

treated rai I has kCfi

greater rail life than

control-cooled rail

.

C . Tie life in subway
is 25-30 years and on

surface. 18-25 years.

D. Practice is to
remove fouled ballast
and replace it with
new bal last.

A. Track maintenance
work performed primer
ily by manual labor.

6 . Rai 1 is replaced
when 5/8" vertical
wear occurs. Life of

control -coo led rail of

tangent averages '0

yrs. and In stat ion

areas, maximum kO yrs.

Life of heat treated
rai 1 on 90' radius
curves, 6-7 years.

C , Ties renewed by

manual labor.

Tie life of oak ties

on surface is 35

years; pine ties on

structure, 25 years,

D. Practice is to
remove fouled ballast
and replace it with
new ballast, when the
ties are renewed.

CLEVELAND

A. Track maintenance
work performed pri-
marily by manual labor

Major out-of-face
maintenance work will

be performed by a

contractor.

B . No major rai 1

replacement to date.

C . No ties have been

replaced to date.

D. To date no ballast
has been cleaned or
replaced.

NEW YORK

A. The N.Y.C.T.A. feel

that it is more effi-
cient to use manual
labor than automatic
machinery in the sub-

cry

is used wher feas-

B. Rail grinding per-

formed under contract.
Heat treated rail has

100^ greater rail life

than control-cooled
rail.

C . Tie 1 ife through-

out the system aver-

ages 25-30 years.

0. Practice is to

remove fouled ballast
and replace it with
new bal last

.

PHILADELPHIA

BROAD ST. SUeWAY

A. Track maintenance
work is performed
primarily by manual
labor.

B , Rai I is renewed
when 5/8" vertical

headwear or 3/**" hor
zontal sidewear
occurs. Track is re-

gauged after 3/8"

s i dewea r

.

C . Ti es renewed
approximately ev

35 years.

D . Practice is to
remove fouled ballast
and replace it with
new ballast.

SAN FRANCISCO

A. System not In opera
tton The bulk of tie

renewal work will be

performed by manual
labor and the bal last

tamping will be done
by mechanical machi-
nery.

B« No rai 1 gri nding
will be performed
until rail defects
warrant it.

See A above

D See A above

TORONTO

A. Track maintenance
work is performed pri-

marily by manual labor

Tracks are surfaced s.

1 i ned annual ly In

spring and fall . The

Sperry car inspects

the track within the

f i rst year and then

every 3 years.

B
. Heat treated rai 1

has approximately 100^

greater rail life than

control -cooled rail.

Rail life of control-
cooled rai 1 on tangent

track estimated to be

20 to 25 years. Rail

grinding Is performed
initially before
system operation and
subsequently on a

year-round basis-

Rai 1 is replaced when
5/8" heaA*ear occurs.

. The TTC has exper
ienced 15°/ tie renew

in 13 yea rs

.

D . To date no ballast
has been cleaned or

replaced.

WASHINGTON

A. System not in

operation. As m
possible of the

3. Rail I ife of

est i ted be 50 to
60 years. Rail

grinding is to be
performed initially
before system oF>erati

and subsequently as

needed Rail is to b

replaced when 17/32"
headwear or sidewear

See A above

See A above





COMPARISON OF TRACK STRUCTURES AND MAINTENANCE PRACTICES
DESCRIPTION

V. TEST INSTALLATIONS AND RESEARCH

VI. RECOMMENDATIONS OF EXISTING

SYSTEMS TO IMPROVE:

A. Ride dual ity

Track Maintenance

C. Noise and Vibration

BOSTON

A. Use 115* rail

B. Space t les at 2W'

spacing throughout.
Use as much mechanize
machinery for tie and

ballast work as pos-
sible.

C. Use t ie pads
throughout including
under special track-
work

CHICAGO

V. Test sect ion of SRS
"101" concrete t les

with "Fist" fasteners
To date results are

sat isfactory

Test sect Ion of Ra i
I-

road Rubber Products
Co. molded rubber rai

1

seats instal led in tan-

gent track on concrete
deck structure. To dat<

results are satisfac-
tory.

"RS" concrete cross
ties to be installed i(

test sect ion i n near
future

A. Rigid tolerances
for track al ignment

and surface

B. Rigid qual ity

trol of construct
materials and wor
manship.

C. Use

CLEVELAND

V. A test sect ion util-
izing an asphalt under-
lay Is planned.

B .
The use of ra 1

1

lubricators

C, Asphalt paving on

ballast section.
The use of rai I lubr

cators.

NEW YORK

V. Test section con-
paring U.S. Steel
Curvemaster rail with
Bethlehem Steel fully
heat treated ra i 1

.

Results to date not

A. Use of direct rail

ert utilizing mol

rubber ra i 1 seats

C . Same as A.

PHILADELPHIA
BROAD ST. SUBWAY

Thermit type fi

Ids tested.

A. Install "Bird" tie

pads throughout

.

B. Same as A

Use 1 15" RE r

heat treated
high rail of

SAN FRANCISCO

'resent track deslgr

based on results ob-
tained from Mt . Diablo
Test Track.

ect rail fixa-
o tunnel invert

idge deck.

B . Long lengths o

shop welded rai

1

TORONTO

Some special alloy
steel rai I under test

.

Prel Iminary results

indicate same wear as

with heat treated rai

1

High s i 1 icon rai I undei

order for a test in-

stallation.

pads where
to dampen

s from rail.

A. Direct rail fixa-

tion to tunnel invert

and bridge deck.

B Traprock ballast
preferred to I ime-

stone. Minimum of 15'

ballast under ties.

C, The use of ra !

1

lubricators and ela
tomeric pads.

WASHINGTON

V Proposed tests
include various ties,
fasteners and spacings
of ties and fasteners.
Direct fixation rail

fasteners and concrete
ties will undergo
complete performance
testing. It is also
proposed to test
various designs of
floating slabs

A Use of resilient
direct fixation rail

fasteners and CWR .

C. Use of CWR through-

out, resilient rail

fasteners, floating

slabs under special

trackwork in subway.



Advertisement 104-1

DID IT REALLY NEED REPLACING?

Consider An Alternative

IN-PLACE TREATMENT

15 To 20 Years Additional Life..

.

For 5-10% of Replacement

OSMOSE WOOD PRESERVING CO. OF AMERICA, INC.

980 ELLICOTT STREET / BUFFALO, N. Y. 14209



104-2 Advertisement

THE DOUBLE U RAIL ANCHOR

ACHUFF RAILWAY SUPPLY CO.
ST. LOUIS, MO.



MODEL 441

Developed and Built

for Railroad Maintenance

180° BOOM SWING

dOBS AU JOBS!

ROOTS AND LOADS TIES

LAYING WELDED RAIL

12 ¥AST CHANGE ATTACHMENTS
Forks

T/^ Cu. Yd. Bucket

Tote Hook
18' Boom Extension

Fork Tie Baler

Trock Cleoning Bucket

Back Hoe
Clamshell

Back Filler Blade

Pull Drag Bucket

4 Cu. Yd. Snow Bucket

Pile Hammer
Optional Attachment

Flanged Wheels, Hydroulically Controlled

PETTIBONE MULLIKEN CORPORATION
RAILROAD

141 W. JACKSON

DIVISION

CHICAGO 4, III

IDE TRACK CLEANING BUCKET'

80 Years of Service

to the Railroad Industry



104-4 Advertisement

Assure lower maintenance costs, better performance with

Texaco

Railroad Lubricants

and Systematic
Engineering

Service
^E]^CO|

New York • Atlanta • Chicago • Minneapolis • St. Louis • San Francisco



LEVELLING, LINING, TAMPING...

n ONE OPERATION, with ONE OPERATOR

.BLECTRONIC
HEFERENCE

. FEELER
detects position
of track in spiral
or curve at every
tie and leeds
Inlormalion to

"Auto-Control"

WORKINQ
SHADOW BOARD
controls lining at

point wtiare
lilting, levelling

and lamping^
Is done.

RECEIVER
BUQQY
"Auto-Control"
continuously
positions
receivers
electronically to

satisfy Ideal curve
requiroments and
establishes
required amount
ol track
correction.

The Autojack Electromatic

with Autoliner leads the way

through these advantages:

• Gives the highest possible degree of accuracy by electronic

beams projected 100 feet in advance of where levelling,

lining and tamping are taking place.

• Automatic, continuous operation for both tangent and
curve track.*

• No plotting of spirals or curves required. Machine computes
as it runs for the best transition.

• No disturbing or humping of track— lining takes place
simultaneously Vi/ith lifting and tamping ahead of tamping
tools.

• With the Autoliner, it is possible to make a minute throw
and have it stay there because tamping is done in correct
alignment.

Model ALT for Tangent track and Model ALC for Tangent
and Curve Track, botfi available as attachments for

existing AUTOJACK ELECTROMATICS.

Head Office & Plant— 2401 Ed-
mund Rd., West Columbia, S. C.

29169 • 8 03/794-9160
Plant— 160 St. Joseph Blvd.,

Lachine (Montreal), Que., Canada
• 514/637-5531

Parts Depot— 1902 University

Ave., St. Paul, tVlinn. 55115 •

612/645-5055
Sales, Service & Parts— Tamper
(Australia) Ply. Ltd., 34 Mcin-
tosh St., Airport West, G.P.O.
Melbourne, Victoria 3042, Aus-
tralia • 379-8441
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WOODINGS-VERONATOOLWORKS
Pioneer Manufacturers

of

fflGH GRADE TRACK TOOLS
and

SPRING WASHERS FOR TRACK
Since 1873

VERONA, PA. CmCAGO, ILL.

w



Advertisement 104-7

Aeroquip Hose for rugged

railroad airbrake service

At temperatures as low as —40°F. and pressures to

300 psi, Aeroquip Air Brake Hose is fully reliable for

exposed or unexposed railroad air brake applications.
This hose is specially built to withstand the severe
conditions encountered in air brake service. And
Aeroquip Reusable Fittings plus a small stock of bulk
hose permit quick and easy replacement of any
length of hose line.

Constructed with a rugged Neoprene inner tube,
steel wire braid reinforcement and a synthetic rubber
cover, this hose is available in sizes from Vi" to lYs" I.D.

For more information, contact your Aeroquip Dis-

tributor. Or write for your free copy of Railroad Cat-
alog 405. Aeroquip Corporation, Industrial Division,

Jackson, Michigan 49203, subsidiary of Libbey-
Owens-Ford Company. Aeroquip products are protected

by patents internationally.

\eroquip
INDUSTRIAL DIVISION
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It's Maintenance First- and

PORTEC Railway Products

are First in Maintenance

Rail Anchors

IMPROVED FAIR Anchors

XL-1 FAIR Anchors

Anchor Renewal Service

Rail Joints

^^
• standard Joints

• Insulated Joints—armored
and continuous

• Compromise Joints

• Poly-insulated Joints

• Poly-insulated Plates

• Insulation

830-1

Rail and Flange

Lubricators

Reversible Switch

Point Protectors

Diesel and

Caboose Batteries

Literature available on request.

1 UK I Wu\m inc. RAILWAY PRODUCTS DIVISION

300 Windsor Drive. Gale Broolc, Illinois 60521 • In Canada: Portec, Limited
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THE TRASCO CAR RETARDER

HUNDREDS IN SERVICE

IN aASS YARD TRACK

TRACK SPECIALTIES COMPANY
P.O. BOX 729 WESTPORT, CONNECTICUT
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PART 1

MANUAL RECOMMENDATIONS

All the recommendations submitted by committees for adoption and

publication in the 1971 Supplements to the AREA Manual for Railway Engi-

neering and the Portfolio of Trackwork Plans are printed in this issue of the

Bulletin. These recommendations will be formally submitted for review and

approval to the Special Board Committee on Publications and the AREA Board

of Direction. Comments or objections by Members regarding any of these

recommendations should be submitted to the Executive Manager not later

than FEBRUARY 15, 1971.

105
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Manual Recommendations

Committee 1—Roadway and Ballast

Report on Assignment 4

Culverts

W. M. Dowdy (chairman, subcommittee), G. C. Fenton, J. L. Vickers, C. W. Bean,
T. F. De Capiteau.

Your committee submits for adoption and publication in tlie Manual the follow-

ing Height of Cover Tables, to be inserted in Chapter 1 following page 1-4-37.

MINIMUM AND MAXIMUM HEIGHT OF COVER IN FEET
2%-Inch by Jz-Inch and 2-Inch by K-Inch Corrugations
Riveted, Spot Welx)ed or Helical Lock Seam Pipe-Arch

Cooper E 80 Live Load Plus 50% of the Lr\'E Load for Impact

Granut^ar Backfill Compacted to 85% Standard Density Based on ASTM D 698

Size



108 Manual Recommendations

MINIMUM AND MAXIMUM HEIGHT OF COVER IN FEET
2%-Incii by )2-Inch and 2-Inch uy /2-Inch Corrugations
Riv-ETED, Spot Welded or Helical Lock Seam Pipe

Cooper E 80 Live Load Plus 50% of the Live Load for Impact

Granular Backfill Compacted to 85% Standard Density Based on ASTM D 698



Manual Recommendations 109

Report on Assignment 5

Pipelines

E. E. Farris (chairman, subcommittee), C. R. Bergman, I. P. Cook, W. T. Ham-
mond, G. B. Harris, H. L. Van Horn, M. E. Vosseller, A. J. Wegmann.

Your committee submits for adoption the following revised version of Part 5

—

Pipelines, Chapter 1 of the Manual, to replace the present material on pipelines

printed on pages 1-5-1 to 1-5-10, incl.

Part 5

Pipelines

5.1 SPECIFICATIONS FOR PIPELINES CONVEYING
FLAMMABLE SUBSTANCES

5.1.1 SCOPE
These specifications cover pipelines installed on railway rights-of-way to carry

oil, gas, petroleum products, or other flammable or highly volatile substances under

pressure. The tenu "engineer" as used herein means the chief engineer of the railway

company or his authorized representative.

5.1.2 GENERAL REQUIREMENTS
Pipelines under railway tracks and across railway rights-of-way shall be encased

in a larger pipe or conduit called the casing pipe as indicated in Fig. 5.1.2.1. Casing

pipe may be omitted in the following locations:

(a) Under secondary or industry tracks as approved by the engineer.

(b) On pipelines in streets where the stress in the pipe from internal pres-

sure and external loads does not exceed 40 percent of tlie specified mini-

mum yield strength (multiplied by longitudinal joint factor) of the steel

pipe material.

Pipelines shall be installed under tracks by boring or jacking, if practicable.

Pipelines shall be located, where practicable, to cross tracks at approximately

right angles thereto but preferably at not less than 45 deg and shall not be placed

within a culvert, under railway bridges nor closer than 45 ft to any portion of an\-

railway bridge, building or other important structure, except in special cases and

then by special design as approved by the engineer.

Pipelines carrying liquefied petroleum gas or natural gas liciuids shall, wlui'

practicable, cross any railway where tracks are carried on an embankment.

Pipelines laid longitudinally on rail\\a>- rights-of-way shall be located as far as

practicable from any tracks or other important structures. If located within 25 ft

of the center line of any track or closer tlurn 45 ft to nearest point of an\ bridge,

building or other important .structure, the carrier pipe shall be enca.sed or of special

design as appro\ed by the engineer.



no Manual Recommendations

See Art. 5.1.3

Pee .Art . 5.1.4

Vent , .See

.Art . 5.1.5.5

" ROADBED

Min-SeeArt. 5.1.5.2

CARRIER PIPE

-CASING PIPE

— Seal, See Art. 5.1.5.4 Seal, See Art. 5.1.5.4 D

Fig. 5.1.2.1

Any replacement of a carrier pipe shall be considered a new installation, subject

to the requirements of these specifications.

Where laws or orders of public authority prescribe a higher degree of protec-

tion than specified herein, then the higher degree of protection so prescribed shall

be deemed a part of these specifications.

Pipelines and casing pipe shall be suitably insulated from underground conduits

carrying electric wires on railway rights-of-way. All pipelines, except those in streets,

shall be prominently marked at the rights-of-way ( on both sides of track for under-

crossings) by signs substantially worded thus:

"High pressure main ft under"

5.1.3 CARRIER PIPE

Pipelines carrying oil, liquefied petroleum gas, natural or manufactured gas and

other flammable products shall conform to the requirements of the current ANS
B 31.4 Liquid Petroleum Transportation Piping Systems, B 31.8 Code for Gas Trans-

mission and Distribution Piping Systems, and other applicable ANS codes, except

that the maximum allowable stresses" for design of steel pipe shall not exceed the

following percentages of the specified minimum yield strength ( multiplied by longi-

tudinal joint factor) of the pipe as defined in the above codes.

Requisites for carrier line pipe under railway tracks shall apply for a minimum
distance of 50 ft (measured at right angles) from center line of outside tracks or

2 ft beyond toe of slope or 25 ft beyond the ends of casing ( when casing is required )

,

whichever is greater. This requirement does not apply to lines in streets.

The pipe shall be laid with sufficient slack so that it is not in tension.

' If the niaximuin allowable stress in the carrier pipe on either side of the crossing is less

than specified above, the carrier pipe at the crossing shall be designed at the same stress as the

adjacent carrier pipe.
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5.1.3.1 Allowable Hoop Stress

5.1.3.1.1 With Casing Pipe

The following percentages apply to hoop stress in steel pipe within a casing

under railway tracks and across railway rights-of-way:

(a) Seventy-two percent on oil pipelines.

(b) Fifty percent for pipelines carrying condensate, natural gasoline, natural

gas liquids, liquefied petroleum gas, and other petroleum products.

(c) Sixty percent for gas pipelines.

5.1.3.1.2 Without Casing Pipe

The following percentages apply to hoop stress in steel pipe without a casing

under secondary or industry tracks:

(a) Sixty percent for oil pipelines.

(b) Forty percent for pipelines carrying condensate, natural gasoline, natural

gas liquids, liquefied petroleum gas, and otlier petroleum products.

(c) Fifty percent for gas pipelines.

5.1.3.1.3 On Right-of-Way

The following percentages apply to hoop stress in steel pipe laid longitudinally

on railway rights-of-way:

( a ) Sixty percent for oil pipelines.

(b) Forty percent for pipelines carrying condensate, natural gasoline, natural

gas liquids, liquefied petroleum gas, and other petroleum products.

(c) Forty percent for gas pipelines.

5.1.4 CASING PIPE

Casing pipe and joints shall be of metal and of leakproof construction, capable

of withstanding railway loading. The inside diameter of the casing pipe shall be

such as to allow the carrier pipe to be removed subsequently witliout disturbing

the casing pipe. All joints or couplings, supports, insulators or centering devices for

the carrier pipe within a casing under railroad tracks shall be taken into account.

Table 5.1.4.1

Minimum Wall Thickness for Steel Casing Pipe for E 72 Loaijing

Xoniiual Nominal
Thickness Diameter
Inches Inches

0.138 Under 14
0.219 14 and 16
0.250 18
0.281 20
0.312 22
0.344 24
0.375 26
0.406 28 and 30
0.438 .32

0.469 34 and 36
0..500 38, 40 and 42

When casing is installed without benefit of a protective coating, and .said casing

is not cathodically protected, the wall thickness sliown above shall be increased to



112 Manual Recommendations

the nearest standard size which is a minimum of 0.063 in. greater than the thickness

shown except for diameters under 12-^ in.

5.1.4.1 Steel Pipe

Steel pipe shall have a minimum yield strength of 35,000 psi.

5.1.4.2 Cast Iron Pipe

Cast iron pipe may be used for a casing provided the method of installation

is by open trench. Cast iron pipe shall conform to American National Standards

Institute standard A 21. The pipe shall be of the mechanical joint type or plain-end

pipe with compression-type couplings. The strength of cast iron pipe to sustain exter-

nal loads shall be computed in accordance with ANS A 21.1 "Manual for the Com-
putation of Strength and Thickness of Cast Iron Pipe."

5.1.4.3 Flexible Pipe

For flexible casing pipe, a minimum vertical deflection of the casing pipe of

3 percent of its diameter plus /2 in. clearance shall be provided so that no loads

from the roadbed, track, traffic or casing pipe itself are transmitted to the carrier

pipe. When insulators are used on the carrier pipe, the inside diameter of flexible

casing pipe shall be at least 2 in. greater than the outside diameter of the carrier

pipe for pipe less than 8 in. in diameter; at least 3^4 in. greater for pipe 8 in. to

16 in., incl., in diameter and at least 4/2 in. greater for pipe 18 in. in diameter

and over.

5.1.4.4 Length of Pipe

Casing pipe under railway tracks and across railway rights-of-way shall extend

to the greater of the following distances, measured at right angles to center line

of track. If additional tracks are constructed in the future or the railway determines

that the roadbed should be widened, the casing shall be extended correspondingly:

( a ) 2 ft beyond toe of slope.

(b) 3 ft beyond ditch line.

(c) A minimum distance of 25 ft each side from center line of outside track

when casing is sealed at both ends.

(d) A minimum distance of 45 ft each side from center line of outside track

when casing is open at both ends.

5.1.5 CONSTRUCTION
Casing pipe shall be so constructed as to prevent leakage of any substance from

the casing throughout its length, except at ends of casing where ends are left open,

or through vent pipes when ends of casing are sealed. Casing shall be so installed

as to prevent the formation of a waterway under the railway, and with an even bear-

ing throughout its length, and shall slope to one end (except for longitudinal

occupancy )

.

Wliere casing and/or carrier pipe is cathodically protected, the engineer shall

be notified and a suitable test made to ensure that other railway structures and

facilities are adequately protected from the cathodic current in accordance with the

recommendation of current Reports of Correlating Committee on Cathodic Protec-

tion, published by the National Association of Corrosion Engineers.
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5.1.5.1 Method of Installation

(a) Installations by open-trench methods shall comply with Installation ol

Pipe Culverts, Part 4, this Chapter.

(b) Bored or jacked installations shall have a bored hole diameter essentially

the same as the outside diameter of the pipe plus the thickness of the

protective coating. If voids should develop or if the bored hole diameter

is greater than the outside diameter of the pipe (including coating) by
more than approximately 1 in., remedial measures as approved by the

engineer shall be taken. Boring operations shall not be stopped if such

stoppage would be detrimental to tlie railway.

(c) Tunnelling operations shall be conducted as approved by the chief engi-

neer of the railway company. If voids are caused by the tunnelling opera-

tions, they shall be filled by pressure grouting or by other approved

methods which will provide proper support.

5.1.5.2 Depth of Installation

5.1.5.2.1 Casing Pipe

Casing pipe under railway tracks and across railway rights-of-way shall be not

less than SM ft from base of railway rail to top of casing at its closest point, except

that under secondary or industry tracks this distance may be 4/2 ft. On other portions

of rights-of-way where casing is not directly beneath any track, the depth from

ground surface or from bottom of ditches to top of casing shall not be less than

3 ft.

5.1.5.2.2 Carrier Pipe

Carrier pipe installed under secondary or industry tracks without benefit of

casing shall be not less than 4/2 ft from base of railway rail to top of pipe at its

closest point nor less than 3 ft from ground surface or from bottom of ditches.

5.1.5.2.3 On Right-of-Way

Pipeline laid longitudinally on railway rights-of-way, 50 ft or less from center

line of track, shall be buried not less than 5 ft from ground surface to top of pipe.

Wliere pipeline is laid more than 50 ft from center line of track, minimum cover

shall be at least 2 ft.

5.1.5.3 Inspection and Testing

ANS Codes B 31.8 and B 31.4, current at time of constructing the pipeline, shall

govern the inspection and testing of the facility within the railway rights-of-way

except as follows:

(a) One-hundred percent of all field welds shall be inspected by radiographic

examinations, and such field welds shall be inspected for 100 percent

of the circumference.

(b) The proof testing of the strength of carrier pipe shall be in accordance

with the requirements of ANS B 31.8 for Class Locations 2, 3, or 4,

or B 31.4 as applicable.

5.1.5.4 Seals

Where ends of casing are below ground they shall be suitably sealed to outside

of carrier pipe.
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Where ends of casing are at or above ground surface and above high-water level

they may be left open, provided drainage is afforded in such manner that leakage

will be conducted away from railway tracks or structure. Where proper drainage

is not provided, the ends of casing shall be sealed.

5.1.5.5 Vents

Casing pipe, when sealed, shall be properly vented. Vent pipes shall be of

sufficient diameter, but in no case less than 2 in. in diameter, shall be attached near

end of casing and project through ground surface at right-of-way lines or not less

than 45 ft (measured at right angles) from center line of nearest track. Vent pipe,

or pipes, shall extend not less than 4 ft above ground surface. Top of vent pipe

shall be fitted with down-turned elbow properly screened, or a relief valve. Vents in

locations subject to high water shall be extended above the maximum elevation of

high water and shall be supported and protected in a manner that meets the approval

of the engineer. Vent pipes shall be at least 4 ft ( vertically ) from aerial electric wires.

5.1.5.6 Shut-Off Valves

Accessible emergency shut-off valves shall be installed within effective distances

each side of the railway as mutually agreed to by the engineer and the pipeline

company. Where pipelines are provided with automatic control stations at locations

and within distances approved by the engineer, no additional valves shall be required.

5.1.6 APPROVAL OF PLANS

Plans for proposed installation shall be submitted to and meet the approval of

the engineer before construction is begun.

Plans shall be drawn to scale showing the relation of the proposed pipeline to

railway tracks, angle of crossing, location of valves, railway survey station, right-of-

way lines and general layout of tracks and railway facilities. Plans should also show

a cross section (or sections) from field survey, showing pipe in relation to actual

profile of ground and tracks. If open-cutting or tunnelling is necessary, details of

sheeting and method of supporting tracks or driving tunnel shall be shown.

In addition to the above, plans should contain the following data:

Carrier Pipe Casing. Pipe

Contents to be handled

Outside diameter

Pipe material

Specification and grade

Wall thickness

Actual working pressure

Type of joint

Coating

Method of installation

Vents: Niunber Size Hgt. above ground

Seals: Both ends One end

Bury: Base of rail to top of casing ft in.

Bury: ( Roadway ditches ) ft in.

Cathodic protection

Type, size and spacing of insulators or supports.
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5.1.7 EXECUTION OF WORK
The execution of the work on railway rights-of-way, including the supporting

of tracks, shall be subject to the inspection and direction of the engineer.

5.2 SPECIFICATIONS FOR PIPELINES CONVEYING
NON-FLAMMABLE SUBSTANCES

5.2.1 SCOPE
Pipelines included under these specifications are those installed to carry steam,

water or any non-flammable substance which, from its nature or pressure, might

cause damage if escaping on or in the vicinity of railway property. The term "engi-

neer" as used herein means chief engineer of the railway company, or his authorized

representative.

5.2.2 GENERAL REQUIREMENTS
Pipelines under railway tracks and across railway rights-of-way shall be encased

in a larger pipe or conduit called the casing pipe as indicated in Fig. 5.2.2.1. Cas-

ing pipe may be omitted under the following conditions:

( a ) Under secondary or industry tracks as approved by the engineer.

(b) On pipelines in streets where joints are of leakproof construction and

the pipe material will safely withstand the combination of internal pres-

sure and external loads.

(c) For non-pressure sewer crossings where the pipe strength is capable of

withstanding railway loading.

Pipelines shall be installed under tracks by boring or jacking, if practicable.

Pipelines shall be located, where practicable, to cross tracks at approximately

rights angles thereto but preferably at not less tlian 45 deg, and shall not be placed

within culverts nor under railway bridges where there is likelihood of restricting

the area required for the purposes for which the bridges or culverts were built, or

of endangering the foundations.

Pipelines laid longitudinally on railway rights-of-way shall be located as far

as practicable from any tracks or other important structures. If located within 25

See Art. 5.2.4.4

'•.vS:j/'/}K\'S.vji

ROADBED

lin-See Art. 5.2.5.2

J

j>CA

CASING PIPE

Fig. 5.2.2.1

RRIER PIPE
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feet of the center line of any track or where there is clanger of damage from leak-

age to any bridge, building or other important structure, the carrier pipe shall be

encased or of special design as approved by the engineer.

Any replacement of a carrier pipe shall be considered a new installation, sub-

ject to the requirements of these specifications.

Where laws or orders of public authority prescribe a higher degree of protec-

tion than specified herein, then the higher degree of protection so prescribed shall

supersede the applicable portions.

Pipelines and casing pipe shall be suitably insulated from underground con-

duits carrying electric wires on railway rights-of-way.

5.2.3 CARRIER PIPE

Carrier line pipe and joints shall be of accepted material and construction as

approved by the chief engineer of the railway company. Joints for carrier line pipe

operating under pressure shall be mechanical or welded type.

The pipe shall be laid with sufficient slack so that it is not in tension.

5.2.4 CASING PIPE

Casing pipe and joints shall be of leakproof construction, capable of witlistand-

ing railway loading.

The inside diameter of the casing pipe shall be at least 2 in. greater than the

largest outside diameter of the carrier pipe, joints or couplings, for carrier pipe less

than 6 in. in diameter; and at least 4 in. greater for carrier pipe 6 in. and over in

diameter. It shall, in all cases, be great enough to allow the carrier pipe to be re-

moved subsequently without disturbing the casing pipe or roadbed.

Table 5.2.4.1.1

Minimum Wall Thickness for Steel Casing Pipe for E 72 Loading

Nominal Nominal
Thickness Diameter

Inches Inches

0.188 Under 14

0.219 14 and 16

0.250 18

0.281 20

0.312 22

0.344 24

0.375 26
0.406 28 and 30

0.438 32

0.469 34 and 36
0.500 38, 40 and 42

When casing is installed without benefit of a protective coating, and said casing

is not cathodically protected, the wall thickness shown above shall be increased

to the nearest standard size, which is a minimum of 0.063 in. greater than the

thickness shown except for diameters under 12^ in.

5.2.4.1 Steel Pipe

Steel pipe shall have a minimum yield strength of 35,000 psi.
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5.2.4.2 Cast Iron Pipe

Cast iron pipe may be used for a casing provided the method of installation

is by open trench. Cast iron pipe shall conform to American National Standards In-

stitute A 21. The pipe shall be of the mechanical-joint type or plain-end pipe with

compression-type couplings. The strength of cast iron pipe to sustain external loads

shall be computed in accordance with ANS A 21.1 "Manual for the Computation of

Strength and Thickness of Cast Iron Pipe."

5.2.4.3 Concrete Pipe

For pressures under 100 psi in the carrier pipe, the casing pipe may be rein-

forced concrete pipe conforming to the AREA Specifications for Reinforced Concrete

Culvert Pipe, Part 10, Chapter 8, or bituminous-coated corrugated metal pipe con-

forming to the AREA specifications for such pipe, Part 4, this Chapter.

5.2.4.4 Length of Pipe

Casing pipe under railway tracks and across railway rights-of-way shall extend

to the greater of the following distances, measured at right angles to center line of

track

:

(a) 2 ft beyond toe of slope.

(b) 3 ft beyond ditch.

(c) A minimum distance of 25 ft from center line of outside track when

end of casing is below ground.

(d) If additional tracks are constructed in the future or the railway deter-

mines that the roadbed should be widened, the casing shall be extended

correspondingly.

5.2.5 CONSTRUCTION
Casing pipe shall be so constructed as to prevent leakage of any substance from

the casing throughout its length except at ends. Casing shall be so installed as to

prevent the formation of a waterway under the railway, with an even bearing through-

out its length, and shall slope to one end (except for longitudinal occupancy).

Where casing and/or carrier pipe is cathodically protected, the engineer shall

be notified and suitable test made to ensure that other railway structures and facili-

ties are adequately protected from the cathodic current in accordance with the

recommendations of current Reports of Correlating Committee on Cathodic Protec-

tion, published by the National Association of Corrosion Engineers.

5.2.5.1 Method of Installation

(a) Installations by open-trench methods shall comply with Installation of

Pipe Culverts, Part 4, this Chapter.

(b) Bored or jacked installations shall have a bored hole diameter essentially

the same as the outside diameter of the pipe plus the thickness of the

protective coating. If \oids should develop or if the bored hole diameter

is greater than the outside diameter of the pipe (including coating) by

more than approximately 1 in., remedial measures as appro\ed by the

chief engineer of the railway company shall be taken. Boring operations

shall not be stopped if such stoppage would be detrimental to the

railway.
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(c) Tunnelling operations shall be conducted as approved by the engineer.

If voids are caused by the tunnelling operations, they shall be filled by
pressure grouting or by other approved methods which will provide

proper support.

5.2.5.2 Depth of Installation

5.2.5.2.1 Casing Pipe

Casing pipe under railway tracks and across railway rights-of-way shall be not

less than SJa ft from base of railway rail to top of casing at its closest point, except

that under secondary or industry tracks this distance may be 4/2 ft. On other portions

of rights-of-way where casing is not directly beneath any track, the depth from
ground surface or from bottom of ditches to top of casing shall not be less than 3 ft.

5.2.5.2.2 Carrier Pipe

Carrier pipe installed under secondary or industry tracks without benefit of

casing shall be not less than 4/2 ft from base of railway rail to top of pipe at its

closest point nor less than 3 ft from ground surface or from bottom of ditches.

5.2.5.2.3 On Right-of-Way

Pipeline laid longitudinally on railway rights-of-way 50 ft or less from center

line of track, shall be buried not less than 4 ft from ground surface to top of pipe.

Where pipeline is laid more than 50 ft from center line of track, minimum cover

shall be at least 2 ft.

5.2.5.4 Shut-OflF Valves

Accessible emergency shut-off valves shall be installed within effective distances

each side of the railway as mutually agreed to by the engineer and the pipeline

company. Where pipelines are provided witli automatic control stations at locations

and within distances approved by the engineer, no additional valves shall be

required.

5.2.6 APPROVAL OF PLANS
Plans for proposed installation shall be submitted to and meet the approval of

the engineer before construction is begun.

Plans shall be drawn to scale showing the relation of the proposed pipeline to

railway tracks, angle of crossing, location of valves, railway survey station, right-of-

way lines and general layout of tracks and railway facilities. Plans should also show

a cross section (or sections) from field survey, showing pipe in relation to actual

profile of ground and tracks. If open-cutting or tunnelling is necessary, details of

sheeting and method of supporting tracks or driving tunnel shall be shown.

In addition to the above, plans should contain the following data:

Carrier Pipe Casing Pipe

Contents to be handled
Outside diameter
Pipe material

Specification and grade

Wall thickness

Actual working pressure

Type of joint

Coating
Method of installation
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Protection at ends of casing:

Both ends: One end Type
Bury: Base of rail to top of casing ft in.

Bury: ( Not beneath tracks ) ft in.

Bury: ( Roadway ditches ) ft in.

Cathodic protection

5.2.7 EXECUTION OF WORK
The execution of the work on railway rights-of-way, including the supporting

of tracks, shall be subject to the inspection and direction of the engineer.
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Manual Recommendations

Committee 6—Buildings

Report on Assignment B

Revision of Manual

W. C. Sturm (chairman, subcommittee), R. R. Cahal, F. D. Day, K. E. Hornung,
D. F. Logan, G. H. McMillan.

Your committee recommends the adoption and publication in Chapter 6 of the

Manual the following new material on design criteria for railway office buildings:

Part 2

Design Criteria For Railway Office Buildings

2.1 FORWORD
( a ) There are many determining factors tlrat must be considered when design-

ing railroad office buildings. Prior to construction, every facet of the building's use

and ultimate designation should be thoroughly investigated as there are many ele-

ments contributing to the final design for each building.

(b) As railroad office buildings are used for various purposes, die use to which

a particular building will be put is, of course, the primary requisite. Headquarters or

division office buildings, yard offices, telegraph or dispatcher's offices and control

towers are the basic office buildings with which the designer is concerned.

(c) The same basic criteria may be applied to railway offices whether housed

in an independent building, as part of a complex such as a station, or as rental space

in an office building.

(d) Office layout plannings take place:

1. When a new office building is to be constructed

2. When an office is to be moved
3. When changes occur within an office such as establishment of new pro-

cedures, increase or decrease in personnel or alteration in organization

or function.

2.2 SITE CONSIDERATIONS

2.2.1 Location

The location (urban, industrial or railroad yard) and space available for the

building will be important factors in the design of the overall structure; and the

value per square foot of the site must be considered. Local codes and fire and sani-

tary regulations must be taken into consideration, and where applicable, followed.

While each community of any significant size has its own codes and ordinances, a

small community will probably make use of national codes.
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2.2.2 Parking

(a) The practice of providing space for automobile parking for the personnel

working in the office building and for visitors is now required in most large com-

munities by ordinance, and if not specifically set forth by law, the architect, as a

matter of good practice, should carefully consider this requirement.

(b) The number of parking spaces is generally governed by either the number
of persons occupying the office building or the square foot area of the stnicture. The
design of the parking areas depends upon the site available for this use, and there

are many standard details available in texts on the subject.

2.2.3 Landscaping

(a) Landscaping generally becomes a part of the parking layout. The architect

should detemiine from local ordinances if landscaping is required and what percent

of the site area must be landscaped. If there are no landscaping requirements by law,

it is now generally considered good practice to provide some planting around the

building or parking areas.

(b) The vegetation used in landscaping should be easy to grow in the chmate

involved and not too costly to maintain.

2.2.4 Expansion

Future building expansion should be considered. This can be determined by

using the rate increase in volume of work handled in the past several years as a

guide.

2.3 FUNCTIONAL REQUIREMENTS
2.3.1 General Considerations

(a) The functional requirements of railway office planning are those design

criteria which are directly related to the purpose, duties, and characteristic opera-

tional patterns of a peculiar office situation. As work is processed by an office, there

is a characteristic flow or movement between individual work stations. There is also

a flow of people in conjunction with the flow of work. Providing for continuity and

efficiency of these flow patterns is the major concern of functional planning.

(b) Before commencing an immediate design problem, the architect should

investigate interoffice and interdepartmental relationships to better coordinate an

entire sphere of operation. He should determine whether consolidation of offices or

departments could provide increased operational efficiency and decreased plant dup-

lication. He should investigate existing flow patterns, develop possible variations, and

analyze all choices for improved efficiency. New flow patterns should not be initiated

without thorough analysis, but neither should old practices be retained witliout

re-evaluation.

(c) The architect must consider the possibility and probability of expansion

of activity and/or revision of existing or proposed flow patterns. Final spacial design

should provide adequate expansion space which could be occupied with minimum

disruption of office activity. Retention of desirable flow patterns after expansion is

necessary for continued efficient operation. Open planning with .spaces free of restric-

tions is desirable to allow simple rearrangement of work stations as activity volume

and flow patterns change.



122 Manual Recommendations

2.3.2 Work Flow Considerations

(a) The location of inter-related offices should be sucii that any work flow

between offices can be accomplished speedily and with a minimum of traxel distance

or congestion involved. Adjacent locations reduce employee transit time and inter-

communication equipment overloads. \'ertical as well as horizontal spacial relation-

ships .should be investigated.

(b) Work stations within an office should be spacially arranged according to

the most efficient flow pattern of operations. Continuity of flow through the office

should be accomplished with a minimum of backtracking, congestion, or excessive

distance involved in station to station work transfer.

(c) Work stations used commonly by several individuals .should be centrally

located with respect to their users while still satisfying the overall flow pattern con-

tinuity. Minimal distances to the centralized work stations encourage more efficient

operation and better use of the specialized facilities.

2.3.3 Employee Flow Considerations

(a) Frequent inter-office traffic is best accommodated by direct passageways

ratlier than by use of the common building corridor. This reduces corridor and office

entry congestion and is usually easier to integrate with inner office flow patterns.

Where direct inter-office connection is impossible, efficient and economical corridor

and elevator design is more important.

(b) Office spaces should be so designed as to allow unrestricted circulation

between work centers, allowing sufficient space to eliminate congestion. Circulation-

ways should be designed with maximum flexibility to accommodate varied flow-

pattern developments.

(c) Employees require interaction among themselves and with their supervisors,

necessitating office designs which allow easy communication with a minimum of

mechanical devices. Over-generous space between employee work stations causes

inefficient communication and loss of time. The need for private offices should be

thoroughly investigated for each situation, with the supervisor's desire for one sub-

ordinate to objective analysis of efficient operating techniques.

( d ) Where tlie office has frequent visitors, suitable reception and waiting areas

should be provided adjacent to both the public entrance and the work station to be

visited. The visitor's area should be located on the periphery of the office to reduce

distraction and interruption to other functions. Provision should be made for this

activity to enter the office flow-structure in the correct position.

(e) Provision must be made for additional employee circulation to drinking

fountains, lockers, washrooms, and eating areas. Fountains and lockers should be

dispersed diroughout work areas to reduce circulation time and congestion, thereby

increasing employee efficiency. Washrooms and eating facilities, where required, can

be centralized, allowing use by several adjacent offices. Overall circulationways,

especially in complex office structures, must be designed to accommodate the morn-

ing, mid-day and evening rush periods as well as the normal inter-office circulation

patterns.

2.3.4 Special Equipment Considerations

(a) Work spaces or mechanical equipment used commonly by several indi-

viduals should be centrally located with respect to their users to increase efficiency.

Work stations which supervise or perform services for other stations should be
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similarly located. Circulation space around and to these central areas should be suffi-

cient to eliminate congestion. Accoustical considerations nnist be given to centrally

locating functions or equipment which produce excessive or distracting noise.

(b) Communications equipment and machines frequently used by many of the

individuals within an office are best dispersed throughout the area. Equipment can

be completely distributed to every work station or can be allocated to a group of

neighboring stations when frequency of use is less. Congestion, confusion, and waste

time are reduced while efficiency is increased. Dispersal will reduce the concentra-

tion of activity and noise inlierent in centralized work stations, but distraction of

individual employees may rise as disturbances are brought nearer to them. Accous-

tical control is also more difficult in dispersed situations than with centralized facil-

ities where sound barriers are feasible.

(c) Isolation of equipment or work stations from tlie basic office area is nor-

mally undertaken because of extreme disturbance problems. Accoustical disturbance

is the most frequent reason for isolation of functions. Private offices are needed when
the general office is too noisy for the conditions required during private conferences.

Equipment isolation is required when the operating noise of the machinery is dis-

turbing to the general office. In each case, total physical and accoustical isolation is

important to the efficient operation of the office. Dirty, messy or odorous functions

are also possible causes for isolation.

2.4 SPACIAL REQUIREMENTS
2.4.1 General Considerations

(a) To determine the required floor area it is necessary to consider the number
of employees and departments, the number of private offices and the size of the

general office area for each department. Adequate space must be provided for stair-

ways, elevators, corridors, mechanical and electrical equipment rooms, toilet rooms,

janitor's closets, conference rooms, lounges, food service areas, public area, and

storage and record rooms. Each space must be individually evaluated. The delivery,

service, and mail room and special equipment requirements should be carefully con-

sidered when detennining the floor area of the building.

(b) Before any office can be planned, relocated or expanded, there must be a

reasonable estimate of the amount of space required to house the working activity.

(c) The amount of space required to house office functions can \'ary greatly.

A good average would provide 100 to 150 sq ft per employee for an office having all

functions under one roof, including a small allowance for expansion. This can \ary

considerably, however. For example, the headquarters office of a company might use

25,000 sq ft for 100 people if it were primarily composed of private offices and con-

ference rooms, while a department with a large number of typists and clerks miglit

need only 7,500 sq ft for the same number of employees.

(d) The actual space requirements are dictated by five basic factors:

1. Nature of the work—the specific requirements of the office operations

performed dictate the type and size of equipment used, the size of the

working area, the aisle widths, the distance between desks, the number

and type of files, cabinets and tables.

2. Nature of .space—the shape of the space, whether square, rectangular

or irregular, affects its utilization economy. The position of columns.
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depth of bays, exposure of radiators, pipes, windows and availability of

utility outlets affect the economical placement of equipment.

3. Need for privacy—private offices, conference rooms, partitions and rail-

ings add to space requirements.

4. Need for services—the service requirements of rest rooms, coat rooms,

show rooms, lunch rooms, lounges, transfer files, stock rooms, janitor

rooms, mail rooms and air conditioning and other utility service rooms

must be considered in space allotments.

5. Need for expansion—possible futine needs must be considered in allo-

cating space.

(e) After making a preliminary evaluation of space required and evaluating

the functional requirements, a more refined estimate must be made prior to executing

a layout.

1. Inventory of the space required in each department for people, equip-

ment and special facilities.

2. Forecast by department of the space required for normal expansion over

a reasonable period of time.

(f) Taking a space inventory, worker by worker, in each department, has an

additional benefit of permitting a close look at each work station to see if present

space is sufficient, or if changes in work assignments and equipment would alter

requirements.

(g) A simple inventory form can be drawn up to provide the space estimate.

Supervisors can prepare the inventorj' with department heads' approval. To assist

the architect during his inventory and interviews with supervisors, a check list would

provide a handy and valuable reminder in obtaining desired information.

2.4.2 Office Space

(a) The fundamental unit (module) for office space planning is the individual

worker, seated at his or her desk or work station. In larger offices where diere are

many routine jobs, space standards tend to be economical.

(b) In the general office area, allotment of 100 sq ft per clerical worker is gen-

erally considered a liberal standard, 75 sq ft is an economical standard, 90 sq ft

would be a reasonable average.

(c) Wliere a more liberal space standard can be used, it offers these advan-

tages :

1. Automatic room for future expansion

2. Better morale—less assembly line feeling

3. Efficiency—conversation is not as easy

(d) A general guide to floor area requirements including usual furniture but

not including special cabinets, machines or computers. The lower figure represents

the miniminn floor area required and tlie higher figure the desirable floor area.

1. Private offices:

executive 250 to 350 sq ft

other 120 to 200 sq ft
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2. General offices:

2 to 5 persons 150 sq ft per person

more than 5 persons 100 sq ft per person

(e) Certain types of office machines require more space than normally allowed

in an estimate based on the average clerk or typist position. Any space taken up
by this equipment and their operators should be added to that considered for regular

office space. Equipment in this category include:

1. Tabulating equipment

2. Duplicating equipment

3. Telephone switchboard

4. Teletype equipment

5. Time clock space

6. Other special equipment

2.4.3 File Space

(a) The actual space taken up by a file cabinet and its open drawer is easily

measured. It is difficult to estimate how much should be added to these measure-

ments for working area until decisions are made on arrangements of the filing area.

Each open file will require the following space allowance without consideration of

any working area in front of the open drawer:

1. Standard letter file 6 sq ft

2. Standard legal file 7 sq ft

3. Side opening letter file 3/2 sq ft

4. Side opening legal file 4 sq ft

(b) For preliminary planning allow 9 sq ft per file in central active file rooms
and 6 sq ft per file in inactive file storage.

2.4.4 Storage Space

(a) Storage requirements depend on the nature of the firm's work, its age, and
the inclination of the administration to retain records.

( b ) Consideration should be given to various types of storage?

1. Vaults

2. Stock rooms

3. Transfer files

4. Shelving

5. Janitor supplies

6. Coat rooms

2.4.5 Special Room Allowance

(a) Depending on the operations, offices will require allied rooms of a size

matched to their use. Allow 500 sq ft for 15 persons plus 10 sq ft for each additional

person.

1. Reception room

2. Waiting room

3. Conference room
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(b) Space must be provided for:

1. Lunch room

2. Employee lounge

3. Mail room

4. Toilet rooms

(e) The size of toilet rooms will be governed by the number of fixtures desired

or required by code for the number of people occupying the building.

2.4.6 Space Required For Furniture and Aisles

(a) For various minimimi clarances involving desks, files and passageways, see

Fig. 1.

(b) Minimum width for single-desk office, 7 ft in; depth 12 ft in to 14 ft

in.

(c) Minimum width for two-desk office, 11 ft in to 12 ft in; depth 14 ft

in.

(d) Aisles or passageways leading to main exits:

1. Minimum, 3 ft 8 in wide.

2. Desirable, 5 ft 6 in wide.

(e) Aisle space between desks:

1. Secondary aisle—minimum, 3 ft in wide.

2. Intermediate aisle—3 ft 3 in wide.

3. Main aisle—5 ft in wide.

(f ) Space between desks for the chair:

1. Minimum, 2 ft 4 in wide.

2. Desirable, 3 ft in wide (especially with more than 2 desks in a row).

(g) Working space in front of files:

1. Minimum, 2 ft 4 in from front of open drawer.

2. Desirable, 3 ft 8 in from front of open drawer (especially if work space

is also on aisle).

(h) Working space in front of shelves:

1. Minimum, 2 ft 4 in from front of shelf.

2. Desirable, 3 ft 8 in from front of shelf.

2.5 STRUCTURAL REQUIREMENTS
2.5.1 Framing Systems

(a) The type of basic construction will be influenced by the size and type of

building. Small offices in an industrial or railroad yard location would use appropriate

constniction elements such as masonry, with metal, masonr>' or wood walls; pre-

fabricated metal buildings; portable prefabricated buildings; or buildings with wood
framing. Both large and small buildings could incorporate aesthetic components into

the structure, such as steel frames with masonry or panel-type exterior walls or pre-

fabricated metal buildings with additives of masonry or stone trim.

(b) The building designer must use his own judgment in making the final deci-

sion for the type of construction desired as there can be no hard-and-fast rule to

govern. A careful study of the principal use, location and cost will be a factor in

the selection of the structural system and the exterior and interior finishes.
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(c) An office building is a complex made up of many units. It is, therefore,

wise to base the floor phui on a mocUdar design. The architect should study many
modular and bay sizes in order to make the space fit the requirement. He should

also study the eftect difl^erent modules would have on the installation costs for light-

ing and heating. Future rearrangement of interior partitions will be simplified since

windows, lighting and air conditioning will not be affected by partition rearrangement.

1. Have as few columns as possible and have them in exterior or corridor

walls rather than free standing.

2. Use a practical module of 4 ft 6 in or 5 ft in and integrate lighting,

air conditioning, imderfloor duct outlets and window mullions so that

subsequent subdivision will permit partitions on the module lines with-

out requiring relocation of these facilities.

(d) A center core design which includes mechanical rooms, stairways, elevators

and toilet rooms will leave the office area open for arranging offices and planning

for the most economical use of floor area.

2.5.2 Floor Systems

(a) With the growing trend to install moveable interior partitions in office

buildings and with the absence of partitions in large general office areas, it is im-

portant that an economical and practical method be devised to provide outlets in the

floors under desks for power and communication cables.

(b) A system of metallic ducts and junction boxes can be installed in cast-in-

place concrete floors to provide for the installation of service fittings at frequent

intervals along the runs of ducts. These fittings can be installed, removed or relo-

cated as furniture and equipment layouts change.

(c) Other types of floor construction, using hollow metal or precast concrete

with voids, can be used to install an underfloor duct system.

(d) Underfloor duct systems have the obvious advantage of eliminating un-

sightly and sometimes dangerous extension cords or surface-mounted wire mouldings.

The ducts may be installed in single, double or triple runs, as needed, for electric

power, telephone or intercommunications wiring, and junction boxes have access

covers flush in the floor so that wiring connections and circuit changes may be read-

ily made. Cable raceways in the floor for communications equipment will also ease

future equipment rearrangement as previously described.

(e) In large rooms where computers are installed, it is generally desirable to

install a double floor system for the many large cables connecting the various ma-
chines. These elevated floors are manufactured in square panels and supported sev-

eral inches above the existing floor on metal pedestals. The panels are usually about

24 in square and can be easily lifted out, when necessary, to install floor fittings.

(f) Recommended (minimum) live loads for various types of occupancy:

1. Offices 50 psf

2. Public corridors 100 psf

3. Light storage 125 psf

4. Rest rooms 50-100 psf

5. Computer rooms 100 psf
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2.5.3 Partitions

(a) Moveable partitions are particularly practical. Future expansion and rear-

rangement can be made quickly and economically with partitions of this type in the

office areas. Moveable partitions are available in various styles, heights, materials

and finishes.

(b) Core areas should be constructed of a pennanent type partition such as

masonry, with or without plaster, or other permanent finish; metal or wood studs

with plaster or plasterboard would fulfill safety and privacy requirements if condi-

tions warrant.

2.6 FINISH MATERIALS

2.6.1 Exterior Materials

(a) The selection of exterior materials will be largely dependent on tlie type

of structural system selected. The location of the building and usage will determine

to a great extent the amount of aestlietic treatment.

(b) In many instances local building codes will specifically prohibit certain

types of exterior finish or specify a minimum fire rating to be provided.

(c) The exterior treatment will also be influenced by the degree of permanency

required of the building. A prefabricated or portable building which can reasonably

be expected to be relocated should not have masonry or other permanent materials

incorporated into its exterior treatment.

(d) Large central office buildings which become a showcase for the company

may utilize the most modern exterior treatment which could not be economically

justified for lesser buildings.

(e) The building designer must utilize his own judgment in tlie selection of

materials.

2.6.2 Wall and Ceiling Finishes

(a) The type of wall finish to be applied will be determined by the type of

appearance required. Maintenance considerations will be an important factor.

(b) Lobby and corridor walls, in many cases, influence public opinion. There-

fore, attractive, easily cared for materials should be used in such locations. Vinyl or

plastic coverings, marble, ceramic tile or paint are appropriate. ( See Fig. 2

)

(c) In general, office wall surfaces should he painted. However, private offices

may be planned with wood paneling or a combination of paneled and painted siu-

faces. Many .special paints and epoxy finishes are available which are attractive and

durable. (See Fig. 2)

(d) Sanitary requirements in toilet rooms can be met by using ceramic tile,

plastic surfaces, enamels and epoxies which are durable and easily cleaned.

2.6.3 Floor Coverings and Finishes

(a) The selection of Hoor coverings and finishes will be governed by the use

to which specific areas are subjected. Heavy traffic areas such as lobbies and corri-

dors require substantial materials such as terrazzo, ceramic or cjuarry tile. Resilient

type coverings may also be used.

(b) Asphalt and vinyl resilient floor coverings are suitable for general offices

or private offices. Executive offices are generally carpeted. The newer types of carpet-

ing which have resilient backing and which may be cemented in place are being

used more often where tile or resilient surfaces have pre\ iously been used.
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Wall Finish Materials
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(e) The goal of good decorating is to produce an attractive, pleasant environ-

ment. Colors should be carefully selected, keeping in mind the scale and purpose

of the building. It has long been known that colors can establish moods, so colors

should be balanced to make areas congenial and easy to live with.

1. Green—the best all-around color, fresh in appearance, slightly passive

( cool colors as green, blue-green and blues create a cooling, relaxing

atmosphere; they seem to retreat from you).

2. Blue-green—another good color; direct complement of the human com-

plexion.

3. Yellow-green—highlight reflecting characteristics, unpleasant to human

coloring (warm colors, the reds, oranges, yellows and yellow-greens

seem to advance toward you; they convey a feeling of wannth).

4. Yellow—good for large areas, if toned with gray. All colors used in an

olRce should be grayed. This keeps them from being too vivid and dis-

tracting and makes maintenance easier. Bright yellow and odier bright

colors can be used to draw attention from unattractive objects.

5. Gray—best in areas where jobs require strict visual or mental concen-

tration.

6. Blue—not a good color; tends to distort the focus of the eye.

7. White—best for storage spaces,

(f ) Color combinations in office spaces should be carefully coordinated wherever

possible to create an atmosphere conducive to productive work. (See Fig. 3)

Suggested Office Color Combinations

WALLS
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2.6.5 Sound Control

( a ) Sound control is an important factor to be considered in the design of office

buildings. Acoustic ceilings, either glued or suspended, will alleviate noise problems.

These are available in either metal or fiber.

(b) Most manufacturers offer a fiber tile with plastic coating. This has many
desirable features when considering future maintenance. Repainting many times can

reduce the efficiency of the acoustic qualities of the ceiling; this would be eliminated

with the plastic coated tile.

(c) Acoustic ceiling systems that incoiporate lighting, ventilating and acoustical

qualities are also available from various manufacturers.

(d) Special care must be exercised in the design of suspended ceilings and par-

titions to overcome the transmission of sound from office to office.

2.6.6 Furniture

(a) Furnishing the office building witli new furniture will require a sui^vey of

departmental and individual requirements. Modular desk units offer more surface

working area, and can have more storage area then conventional units. Five-drawer

files or conserv-a-files reduce floor area needed for filing units.

(b) The public or reception area of the building should have a directory placed

in a prominent position. Lounge furniture should be comfortable and of durable,

attractive design. Ash trays in the lounge area and sand urns in the corridors will aid

in protecting floor finishes.

2.7 MECHANICAL CONSIDERATIONS
2.7.1 Heating and Air Conditioning

( a ) To provide for the comfort and efficiency of the occupants of offices, it is

desirable in all climates that offices be heated in the winter season and

cooled widi mechanical refrigeration equipment in the summer season. The
selection of the most suitable equipment will vary and will be detennined

by several factors. Some of these factors that must be considered are:

1. Sizes and particulars of spaces to be conditioned

2. Extremes of temperature

3. Availability and relative costs of fuels and electric power

4. Initial and operating costs

(b) Some of the more common systems used to heat small offices are:

1. Steam radiation

2. Hot water radiation

3. Raseboard convectors

4. Forced warm air systems

5. Radiant heating

(c) Cooling of smaller office spaces can be economically accomplished by the

installation of package type air conditioning units incorporating air cooled or water

cooled condensers, cooling towers or evaporative condensers. This type of cooling

system may economically be used to provide 25 to 40 tons of refrigeration.

(d) Steam or electric resistance coils may be added to air handling units to

provide heat and ventilation in the wintertime. The heat pump system can be

installed where winter design temperatures are above 35 F.
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(e) Individual small rooms or offices that may be separated by unconditioned

space may be cooled by the window-type units.

(f) For the larger nnilti-story buildings there are four basic heating and air

conditioning systems that are widely used today:

1. The double-duct system with controlled mixing boxes under windows

and/or in the ceiling lends itself to good zone control and adapts well

to modular partitioning. This system is supplied by a single high-pressure

fan to two sets of coils connected in parallel. One coil cools the air and

the other heats the air. These in turn feed two parallel ducts, one cold

and one hot, into mixing boxes located as above. The mixing boxes con-

tain dumpers ( or valves
)
positioned by a thermostat to deliver air at the

proper temperature required for the area. Most of these boxes have

volume adjustments so that more or less air can be supplied to a given

area.

2. The fan-coil system consists of fan-coil units generally located under

windows or in die ceiling supplying recirculated air through a coil, or

coils, one of which is supplied with chilled water and the other supplied

with steam or hot water. The temperature and velocity of tlie water are

controlled to provide the proper temperature of air delivered to main-

tain the desired temperature in the space. This system is used in con-

junction with a single duct system supplying fresh air to all zones includ-

ing the cooling and heating of the interior zones. Fan-coil units have

fresh-air intakes through the outside wall so that a separate fresh-air

system is not required for the peripheral zones.

3. The induction system consists of metal cabinets under windows, some-

times in a continuous sill construction. Generally the units are placed

under each window and are supplied with primary air of about 15 to

20 percent of the total air to be circulated. The primary air is filtered,

humidified or dehumidified as necessary, cooled or heated for the differ-

ent seasons and delivered at considerable pressure to the units, where

by means of ejector nozzles, the primary air aspirates, or induces several

times its volume of air flow from the room into the units, mixes with it

and delivers the mixture back into the room. The aspirated air passes

through a finned coil where it is heated or cooled as required. Generally,

the flow of water is controlled by a room thermostat to maintain the

selected temperature. The water can be supplied by two or three pipes

from cold to hot water systems to the different zones to compensate for

sunshine, wind and outdoor temperature effects.

4. Radiant cooling and heating consists of coils located in ceiling and/or

walls through which cold or hot water is circulated. In sinnmer the water

is about 15 deg cooler than room temperature to absorb the heat of the

room. In high humidity areas the temperature of the cold water cannot

be lowered below the dewpoint, as condensation will de\elop on the

ceilings. A .separate fan system supplying filtered air, humidified or de-

humidified as necessary and cooled or heated for the different seasons,

is required to maintain proper ventilation and odor control.

(g) Although it is impo.ssible to establish a set of rules for the .selection of

an air conditioning system for any specific case, a few important factors can be

stated for the larger buildings:
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1. The peripheral systems are always convenient and are economical for

narrow buildings or wings where nearly all useable space is within 15

to 20 ft of the windows; especially if the space is subdivided into small

private rooms and particularly if windows are large.

2. Among peripheral systems the induction-type imits concentrate the equip-

ment and eliminate much wiring. The fan-coil unit allows fresh air to be

delivered separately where this is convenient. For high buildings, the

overall costs are often lower with induction units.

3. Radiant cooling and heating units may be considered where their appear-

ance and other details are acceptable. The climate should be dry with

little or no dehumidification required.

4. Where large interior spaces must be cooled, the double duct system may
be used; it is especially desirable where zoning can be accomplished

with the use of one system.

2.7.2 Plumbing

( a ) Sanitary facilities should be located in a central core area, where possible,

to reduce the amount of piping required. Toilet rooms should be located back-to-

back where practical.

(b) All main piping should be accessible to the degree possible to facilitate

alterations and maintenance.

2.7.3 Lighting and Power

(a) The bay size and modular increment selected by the architect will definitely

affect the design of the lighting system. To quickly rearrange office space and par-

titions requires that the lighting be planned to facilitate rearrangement without

disturbing the basic lighting system. Many systems currently in use provide adequate

office illumination:

1. Suspended luminous ceilings

2. Surface-mounted fixtures

3. Flush troffers in suspended ceilings

4. Combination luminous ceiling with air conditioning

5. Flush-mounted troffers including air conditioning outlets

(b) The architect, with the help of an electrical engineer, must make a thor-

ough study of the lighting requirements for the various offices and the work to be

performed within the building. The lighting budget and the type of construction

must also be considered. These factors will determine the type of system most

appropriate.

(c) It is generally good practice to install decorative luminous ceilings in

executive and public areas. A modular system of recessed or siuface-mounted troffers

is installed in general office areas.

(d) Illumination levels for office buildings can be selected from the lES

Standards.

(e) The architect must give consideration to lighting of the building exterior,

walkways and parking lot. The amount and type of lighting will be determined by

the location and use of the building.

(f) Railroad operations are becoming closely connected with rapidly expanding

communications systems. Therefore, the architect must give consideration in the



Manual Recommendations 135

design of the building for ample size conduits or cellular flooring for present and

future expansion of the power distribution system, hghting requirements and com-

munications facilities.

(g) The design of the electrical system of the building is governed by local

and national codes which must be strictly adhered to.

2.7.4 Elevators

(a) Office buildings of more than two stories should have an elevator, not only

for passengers, but one equipped for conveying equipment and supplies.

(b) If the building size can only justify the installation of a combination pas-

senger and freight elevator, consideration should be given to an adequate hatchway

in the cab roof for transportation of imwieldly equipment.

2.7.5 Fire Protection

(a) Fire protection should be incorporated early in the design and planning

of the structme. Local and national codes should be observed.

2.7.6 Special Equipment

(a) In the event a building is being designed to house special equipment, such

as computers, communication equipment, PBX, or any other pieces of specialized

machinery, the requirements for this equipment must be analyzed and provisions

made early in the planning stage.

(b) With the advent of automation, new elements of design must be considered:

1. Floor strength

2. Vibration control

3. Double floor system

4. Air conditioning with humidity control

5. Acoustics

6. Illumination

(c) Computer machines require very close temperature, humidity and dust con-

trol. The equipment is heavy, placing concentrated loads on building floors. The

architect developing an office system should obtain detailed infonnation from com-

panies that produce the units and consultants who specialize in this field to solve

specific design problems.
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Committee 8—Concrete Structures and Foundations

Report on Assignment B

Revision of Manual

R. J- Brueske {chairman, s-ubcommittee), G. W. Cooke, T. L. Fuller, F. A. Kempe,
L. M. Morris, R. E. Pearson, J. M. Williams, J. R. Williams.

Your committee sulimits for adoption the following editorial revisions to Chap-

ter 8 of the Manual:

Pages 8-22-1 to 8-22-3, incl.

ASTM SPECIFICATIONS AND DESIGNATIONS

A 6-69, change to A 6-70

A 36-69, change to A 36-70a

A 82-66, change to A 82-70

A 185-69, change to A 185-70

C 33-69, change to C 33-67

C 76-68, change to C 76-70

C 91-68, change to C 91-70

C 144-66T, change to C 144-70 and delete (tentative) from title.

C 150-68, change to C 150-70

C 175-68, delete

C 185-59, change to C 185-70

C 190-63, change to C 190-70

D 15-68, change to D 15-70

Your committee submits for adoption the following revisions and additions to,

and deletions from. Chapter 8 of the Manual:

Pages 8-9-1 to 8-9-15, incl.

PART 9—REINFORCED CONCRETE TRESTLES

Delete Part 9 in its entirety, leaving only on page 8-9-1 the name of the Part,

the Proceedings references footnote, and a notation that this Part was removed

from the Manual.

Pages 8-1-1 to 8-1-32, incl.

PART 1—PLAIN AND REINFORCED CONCRETE RAILROAD
BRIDGES AND OTHER STRUCTURES

Revise Sec. H on pages 8-1-12 and 8-1-13 as follows:

136
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H. METAL REINFORCEMENT PLACING

1. Cleaning

Delete, substituting therefor the following new Art. 1:

1. Surface Conditions of Reinforcement

Metal reinforcement at the time concrete is placed shall be free from mud, oil

or other non-metallic coatings that adversely affect bonding capacity.

Metal reinforcement, except prestressing steel, with rust, mill scale, or a com-

bination of both shall be considered as satisfactory, provided the minimum dimen-

sions, including height of deformations, and weight of a hand wire-brushed test

specimen are not less than the applicable ASTM specification requirements.

Prestressing steel shall be clean and free of excessive rust, oil, dirt, scales and

pitting. A light oxide is permissible.

2. Bending

Delete the text of this Article, substituting therefor the following:

Reinforcement shall be accurately formed to the dimensions indicated on the

plans.

All bars shall be bent cold unless otherwise permitted by the engineer. No
bars partially embedded in concrete shall be field bent, except as shown on the plans

or permitted by the engineer.

The diameter of bend measured on the inside of the bar for standard hooks

shall not be less than the following:

(a) For .stirnips and ties, sizes No. 3, No. 4, and No. 5 only 4 bar diameters

(b) For Grade 40 bars with 180-deg hooks and in sizes

No. 3 to No. 11, incl 5 bar diameters

( c ) For all other bars

:

sizes No. 3 through No. 8 6 bar diameters

sizes No. 9, No. 10, No. 11 8 bar diameters

sizes No. 14, No. 18 10 bar diameters

Inside diameter of bends in welded wire fabric, plain or deformed, for stirrups

and ties shall not be less than 4 wire diameters for defomied wire larger than size

D6 and 2 wire diameters for all other \\ ires. Bends \\ ith inside diameter of less than

8 wire diameters shall be made no closer than 4 wire diameters from the welded

intersection.

3. Straightening

No changes.

4. Placing

Delete the text of this Article, substituting therefor the following;

Supports:

Reinforcement, prestressing steel and ducts shall be accurately placed and ade-

(juately supported before concrete is placed, and shall be .secured against displace-

ment within pemiitted tolerances. Welding of bars shall not be permitted for assem-

bly of reinforcement imless authorized b>- the engineer and unless special care is

taken to pre\ ent loss of bar strength or ductility at critical sections.

nui. 6:(0
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Tolerances:

Unless otlierwise specified by the engineer, reinforcement, prestressing steel and
prestressing steel ducts shall be placed within the following tolerances:

For clear concrete protection and for depth, (/, in flexural members, walls and

compression members where (/ is 8 inches or less: ± )a inch. More than

8 inches but less than 24 inches: ± fs inch. 24 inches or more: ±32
inch, but the cover shall not be reduced by more than % of the specified

cover.

For longitudinal location of bends and ends of bars: ± 2 inches except at

discontinuous ends of members where tolerance shall be ± /2 inch.

Draped Fabric:

When welded wire fabric with wire of }i in diameter or less is used for slab

reinforcement in slabs not exceeding 10 ft in span, the reinforcement may be cuned
from a point near the top of the slab over the support to a point near the bottom

of the slab at mid-span, provided such reinforcement is either continuous o\er, or

securely anchored at, the support.

5. Moisture Protection

Renmnber this Article as Art. 6 with no change in the text, and add the fol-

lowing new Art. 5:

5. Spacing of Reinforcement

The clear distance between parallel bars in a layer shall be not less than the

nominal diameter of the bars, nor 1 in. Where parallel reinforcement is placed in

two or more layers, the bars in tlie upper layers shall be placed directly above those

in tlie bottom layer with the clear distance between layers not less tlian 1 in.

Groups of parallel deformed reinforcing bars bimdled in contact, assumed to act

as a unit, not more than four in any one bundle, may be used only when stirrups or

ties enclose the bundle. Bars larger than No. 11 shall not be bundled in beams or

girders. Individual bars in a bundle cut off within the span of flexural members
shall tenninate at different points with at least 40 bar diameters stagger. Where
spacing limitations and minimum clear cover are based on bar size, a unit of bundled

bars shall be treated as a single bar of a diameter derived from the equivalent

total area.

In walls and slabs the principal reinforcement shall be spaced not farther apart

than 3 times the wall or slab thickness, nor more than 18 in.

In spirally reinforced and tie compression members, the clear distance between

longitudinal bars shall be not less than I/2 times the nominal bar diameter, nor I/2 in.

The clear distance limitation between bars shall also apply to tlie clear distance

between a contact lap splice and adjacent splices or bars.

The clear distance between pretensioning steel at each end of the member shall

be not less than 4 times the diameter of individual wires nor 3 times the diameter

of strands. Prestressing steel may be bundled in the middle portion of the span

provided the requirements for spacing at the end of the member are satisfied.

Ducts for post-tensioning steel may be bundled if it can be shown that the

concrete can be satisfactorily placed and when provision is made to prevent die steel,

when tensioned, from breaking through the duct.
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6. Splicing

Delete in its entirety.

7. Future Bonding

No changes.

Pages 8-2-1 to 8-2-27, incl.

PART 2—PLAIN AND REINFORCED CONCRETE MEMBERS

Revise the material on pages 8-2-5 through 8-2-27 of Part 2 as follows:

Delete Arts. 1, 2, and 3 of Sec. D, substituting therefor the following:

D. ALLOWABLE UNIT STRESSES

1. Modular Ratio n

The ratio of the modulus of elasticity of steel to tliat of concrete, Es/Ec, equals n

and shall be based upon the compressive strength of the concrete as follows:

f'c (psi) n
2000-2499 15
2500-2999 12
3000-3999 10
4000-4999 8
5000 or more 6

For lightweight concrete the values of n shall be determined by the engineer.

f'c is the ultimate compressive strength of the concrete at the age of 28 days,

based upon tests of 6-in by 12-in, or 8-in by 16-in cylinders made and tested in

accordance with ASTM Specifications, designations C 31 and C 39.

2. Concrete ( all Stresses in Pounds per Square Inch

)

fc is the unit compressive stress in the concrete.

V is tlie unit shearing stress.

u is tlie unit bond stress.

f, is the imit tensile stress in the longitudinal reinforcement.

fw is the unit tensile stress in the web reinforcement.

/', is the unit compressive stress in the longitudinal reinforcement.

d is the depth from compression surface of beam or slab to the center of

gravity of longitudinal reinforcement.

Flexure fd

Extreme fiber stress in compression 0.45 f'c

Extreme fiber stress in tension (plain concrete footings and walls

only 1.6 Vf7

Bearing /,

:

Full area loaded . . 0.25 /'.

Load on one-third of area or less with minimum edge distance

of 6 in 0..35 /',

but not more than 1050 psi.

When the loaded area is reasonably concentric and is greater than

one-third but less than the full area, the allowable bearing stress shall

be interpolated, but the mininnun edge distance shall be 6 in.
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Axial compression /,

:

In pedestals 0.25 f'c

In columns see Sec. I, Arts. 2, 3 and 4.

Shear v" (as a measure of diagonal tension at a distance (I from the face of

the support )

:

Beams with no web reinforcement l.I V/'c

Beams with vertical or inclined web reinforcement or properly

combined bent bars and vertical stirrups 5V/',

Slabs and footings (peripheral shear, Sec. F, Art. 8) 2V/'o

Bond «*:

Tension bars sizes No. 3-No. 11 with deformations conforming to ASTM
A 615, A 617 ("D" is the nominal diameter of bar, inches):

Top bars*** 3.4 V/'c, 350 psi max.

~D
Bars other than top bars 4.8 V/'c, 500 psi max.

D
Tension bars sizes No. 14 and No. 18 with defonnations confonning to

ASTM A 615, A 617:

Top bars** 2.1 V/V

Bars other than top bars 3 V /'c

All compression bars with deformations conforming to

ASTM A 615, A 617 6.5 V7'7, 400 psi max.

For all plain bars the allowable bond stress shall be % of those pennitted

for deformed bars, but not more than 160 psi. Plain bars must have

hooked ends.

3. Reinforcement

Flexure fs ( with or without axial loads )

:

Grade 40—ASTM A 615, A 617 20,000 psi

Grade 60—ASTM A 615, A 617 24,000 psi

Wire mesh not exceeding M inch in diameter when used in one-way

solid slabs only—50 percent of the minimum yield strength but

not to exceed 24,000 psi

Tension /«, in web reinforcement:

Grade 40—ASTM A 615, A 617 20,000 psi

Grade 60—ASTM A 615, A 617 24,000 psi

Compression fs in column verticals:

Grade 40—ASTM A 615, A 617 16,000 psi

Grade 60—ASTM A 615, A 617 24,000 psi

Compressive reinforcement in flexural members—See Sec. E, Art. 4.

Compression in composite and combination columns—See Sec. I, Arts. 4 and 5.

" For lightweight aggregate concrete, shear and bond values shall be determined by the
engineer.

"*' Top bars in reference to bond are horizontal bars so placed that more than 12 inches
of concrete is cast in the member below the bar.
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Delete text on page 8-2-8 following the heading Compressive Reinforcement

IN Beams and substitute the following:

Compression reinforcement in beams or girders shall be enclosed by ties or

stirrups at least No. 3 in size for longitudinal bars No. 10 or smaller, and at least

No. 4 in size for No. 11, No. 14, No. 18 and bundled longitudinal bars. The spacing

of tlie closed ties or stirrups shall not exceed 16 longitudinal bar diameters, 48 tie bar

diameters, or the least dimension of the member. Welded wire fabric of equivalent

area may be used. Such stirrups or ties shall be used throughout the distance where

the compression reinforcement is required.

Where compression reinforcement is used, the value of n for calculating the

amount of compression reinforcement required shall be taken as twice the value

given in Sec. D, Art. 1. However, in no case shall a stress in compression reinforce-

ment be greater than that allowed in Sec. D, Art. 3 for compression in column

verticals.

Delete present Sections F and G on pages 8-2-9 through part of 8-2-13 and

substitute therefor the following new Sections F, G, and H:

F. SHEAR AND DIAGONAL TENSION

1. Notation

Ag = gross area of section.

As = area of tension reinforcement.

A„ = total area of web reinforcement in tension within a distance, s, measured

in a direction parallel to the longitudinal reinforcement,

a = angle between inclined web bars and longitudinal axis of member.

b = width of compression face of flexural member.

b' = width of web in I- and T-sections.

bo = peripher>' of critical section for slabs and footings.

d = distance from extreme compression fiber to centroid of tension reinforce-

ment.

/',. = compressive strength of concrete.

fv = tensile stress in web reinforcement.

M = bending moment.

M' = modified bending moment.
iV = load normal to the cross section, to be taken as positive for compression,

negative for tension, and to include the effects of tension due to shrink-

age and creep.

P,r = As/b'd.

s = spacing of stirrups or bent bars in a direction parallel to the longitudinal

reinforcement.

t = total depth of .section.

V = shear stress.

Vc = shear stress carried by concrete.

V = total .shear.

y =: shear carried by web reinforcement.

2. Shear Stress"

(a) The nominal shear stress, as a measure of diagonal tension, in reinforced

concrete members shall be computed by:

• The term ; is omitted in determination of nominal shear stress.
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V = V/bd (2)

For design, the maximum shear shall be considered as that at the section a distance,

d from the face of the support.** Wherever applicable, effects of torsion shall be

added and effects of inclined flexural compression in variable-depth members shall

be included.

(b) For beams of I- or T- section, h' shall be substituted for b in Eq. (2).

(c) The shear stress, Vc, permitted on an unreinforced web shall not exceed

l.lV/'c at a distance d from the face of the support unless a more detailed analysis

is made in accordance with ( d ) or ( e ) . The shear stresses at sections between the

face of the support and the section a distance d therefrom shall not be considered

critical.** For members with axial tension, Vc shall not exceed the value given in (e).

(d) The shear stress permitted on an imreinforced web shall not exceed that

given by:

u,= V7%+ 1300 P,o Vd (2a)

M
but not to exceed 1.75 V/'c. The shear stresses at sections between the face of tlie

support and the section a distance d therefrom shall not be considered critical.**

V and M are the shear and bending moment at the section considered, but M shall

be not less than Vd.

(e) For members subjected to axial load in addition to shear and flexure, Eq.

(2a) shall apply except that M' shall be substituted for M where

M' = M — N ^'^*~^^
(2b)

8

and Vc shall not exceed

Vc = 1.75 V/'c ( 1 + 0.004 N/A,) (2c)

3. Web Reinforcement

(a) A minimum area of shear reinforcement conforming to Sec. F, Art. 7 shall

be provided in all reinforced concrete flexural members except:

( 1 ) Slabs and footings.

(2) Beams where the total depth does not exceed either 10 in., 2/2 times the

thickness of the flange, or one-half the width of the web.

(3) Where die nominal shear stress, v, is less than one-half of die permissible

shear stress carried by the concrete, Vc.

This requirement may be waived if it is shown by tests that tlie required flexural

and shear capacity of the member can be developed when shear reinforcement is

omitted.

(b) Wherever the value of the shear stress, v, computed by Eq. (2), plus effects

of torsion, exceeds the shear stress, Vc, permitted for the concrete of an unreinforced

web by Art. 2 (c), (d), or (e), web reinforcement shall be provided equal to the

depth, d, of the member beyond the point theoretically required. Web reinforcement

between the face of die support and the section at a distance d tlierefrom shall be

the same as required at diat section.

"" This provision does not apply to brackets and other short cantilevers.
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(c) Web reinforcement may consist of:

1. Stirrups perpendicular to the longitudinal reinforcement.

2. Stirrups making an angle of 45 deg or more with the longitudinal tension

reinforcement.

3. Longitudinal bars bent so diat the axis of the bent bar makes an angle of

30 deg or more with the axis of the longitudinal portion of the bar.

4. Combinations of 1 or 2 with 3.

(d) Stirrups or other bars to be considered effective as web reinforcement shall

be anchored at both ends according to the provisions of Sec. G.

4. Stirrups

(a) The area of steel required in stirrups placed perpendicular to the longi-

tudinal reinforcement shall be computed by:

A,. = V's/f.d (3)

(b) The area of inclined stirrups shall be computed by Eq. (4b).

5. Bent Bars

(a) Only the center three-fourths of the inclined portion of any longitudinal bar

that is bent up for web reinforcement shall be considered effective for that puqoose.

(b) When the web reinforcement consists of a single bent bar or of a single group

of parallel bars all bent up at the same distance from the support, the required area

shall be computed by:

A,.= -y^ (4a)
/, sm a

in which V shall not exceed 1.5 hd^ f'c

(c) Where there is a series of parallel bars or groups of bars bent up at dif-

ferent distances from the support, the required area shall be computed by:

A,. = ^,—-^-^ r (4b)
/, « ( sm a + COS a

)

(d) Bent bars used alone as web reinforcement shall be so spaced that the

effectixe inclined portion defined in (a) meets the requirements of Art. 7.

(e) Where more than one type of web reinforcement is used to reinforce the

sauie portion of the web, the total shear resistance shall be computed as the sum of

the resistances computed for the various types separately. In such computations, the

resistance of the concrete, Vr, shall be included only once, and no one type of rein-

forcement shall be assumed to resist more than 2V'/3.

6. Stress Restrictions

(a) The tensile stress in web reinforcement, /,•, shall not exceed the \alues given

iu Sec. D, Art. 3.

(b) The shear stress, v, shall not exceed SV/'I in sections with web reinforce-

uient.

7. Web Reinforcement Spacing and Area Restrictions

Where web reinforcement is required by Sec. F, Art. 3 (a) or by calculations.

it shall conform to the following provisions:
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(a) It shall be so spaced that every 45 deg line, representing a potential

diagonal crack and extending from mid-depth, d/2, of the member to the longi-

tudinal tension bars, shall be crossed by at least one line of web reinforcement.

When the shear stress exceeds 3V/'c, every such 45 deg line shall be crossed by at

least two lines of web reinforcement.

(b) Its area shall not be less than 0.15 percent of the area, b's, computed as

the product of the width of the web, and the spacing of the web reinforcement

along the longitudinal axis of the member.

8. Shear Stress in Slabs and Footings

(a) The shear capacity of slabs and footings in the vicinity of concentrated

loads or concentrated reactions shall be governed by the more se\'ere of two con-

ditions:

1. The slab or footing acting essentially as a wide beam, with a potential

diagonal crack extending in a plane across the entire width. This case

shall be considered in accordance with Sec. F, Art. 2.

2. Two-way action existing for the slab or footing, with potential diagonal

cracking along the surface of a trimcated cone or pyramid aroimd the con-

centrated load or reaction. The slab or footing in this case shall be de-

signed as required in the remainder of this section.

(b) The critical section for shear to be used as a measiu'e of diagonal tension

shall be perpendicular to the plane of the slab and located at a distance d/2 out

from the periphery of the concentrated load or reaction area.

(c) The nominal shear stress shall be computed by:

v = V/b„d (5)

in which V and ho are taken at the critical section specified in (b). The shear stress,

V, so computed shall not exceed 2V/'r, vmless shear reinforcement is provided in ac-

cordance with (d), in which case v shall not exceed 3V/',.

(d) When v exceeds 2V/',-, shear reinforcement shall be provided in accordance

with Sec. F, Arts. 3 to 7, except that the allowable stress in shear reinforcement

shall be 50 percent of that prescribed in Sec. D, A.rt. 3. Shear reinforcement consist-

ing of bars, rods or wire shall not be considered effective in members with a total

thickness of less than 10 in.

9. Torsion

(a) Where torsion is a consideration, the stirrups provided shall be closed and

at least one longitudinal bar shall be placed in each corner of the beam section, the

bar to be at least the diameter of the stirrup or M in., whichever is larger.

G. BOND AND ANCHORAGES

1. Notation

(/ = distance from extreme compression fiber to centroid of tension reinforce-

ment.

D =: nominal diameter of bar, inches.

/V = compressive strength of concrete, psi.

/ = ratio of distance between centroid of compression and centroid of ten-

sion to the depth, d.
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Ho = Sinn of perimeters of all effective bars crossing the section on the ten-

sion side if of uniform size; for mixed sizes, substitute 4As/D, where

As is the total steel area and D is the largest bar diameter. For bundled

bars use the sum of the exposed portions of the perimeters.

1/ = bond stress.

V = total shear.

2. Computation of Bond Stress in Flexural Members

(a) In flexural members in which tlie tension reinforcement is parallel to the

compression face, the flexural bond stress at any cross section shall be computed by

" =^ <«'

Bent-up bars tliat are not more than d/3 from the level of the main longitudinal

reinforcement may be included. Critical sections occur at the face of the support,

at each point where tension bars terminate within a span, and at the point of

inflection.

( b ) To prevent bond failure or splitting, the calculated tension or compression

in an\- bar at any section nuist be developed on each side of that section by proper

embedment length, end anchorage, or, for tension only, hooks. Anchorage or develop-

ment bond stress, ;/, shall be computed as the bar forces divided by tlie product of

-o times the embedment length.

(c) The bond stress, ii, computed as in (a) or (b) shall not exceed the limits

given in Sec. D, Art. 2, except that flexural bond stress need not be considered in

compression, nor in diose cases of tension where anchorage bond is less than 0.8

of the pennissible.

( d ) Adequate anchorage shall be provided for the tension reinforcement in all

flexural members to which Eq. ( 6 ) does not apply, such as sloped, stepped or tapered

footings, brackets, or beams in which the tension reinforcement is not parallel to the

compression face.

3. Anchorage Requirements—General

( a ) The calculated tension or compression in any bar at any section nuist be

developed on each side of that .section by proper embedment length, end anchorage,

or hooks. A tension bar may be anchored by bending it across the web at an angle

of not less than 1.5 deg with the longitudinal portion of the bar and making it con-

tinuous with the reinforcement on the opposite face of the member.

(b) Except at supports, every reinforcing bar shall be extended beyond the

point at which it is no longer needed to resist flexural stress, for a distance equal to

the effective depth of the member or 12 bar diameters, whichever is greater.

(c) No flexural bar shall be terminated in a ten.sion zone unless one of the

following conditions is satisfied:

1. The .shear is not over one-half that normally permitted, including allowance

for shear reinforcement, if any.

2. Stirrups in excess of those normally required are pros ided each wa\ from

the cut-off a distance equal to three-fourths of the deptli of tlie beam.

The exce-ss stirrups shall be at least the mininunu specified in Sec. F,

Art. 7 (b). The stirrup spacing .shall not exceed d/Hr,. where r,, is the ratio

of the area of bars cut off to the total area of bars at the section.
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3. The continuing bars provide double the area required for flexure at that

point or double the perimeter required for flexural bond.

(d) Tensile negative reinforcement in any span of a continuous, restrained or

cantilever beam, or in any member of a rigid frame, shall be adequately anchored

by bond, hooks, or mechanical anchors in or through the supporting member.

(e) At least one-third of the total reinforcement provided for negative moment
at the support shall be extended beyond the extreme position of the point of inflection

a distance not less than 1/16 of the clear span, or the efi"ective depth of the member,

whichever is greater.

(f) At least one-fourth the area of the positive reinforcement in continuous

beams shall extend along the same face of the beam into the support a distance of

10 or more bar diameters. Where extension of the reinforcement this distance is

impractical, the bars shall be extended as far as possible into the support and

terminated in standard hooks or other adequate anchorage.

In simple beams, or at the outer or freely supported ends of end spans of

continuous beams, at least one-half the positive reinforcement shall extend along

the same face of the beam into the support a distance of 12 or more bar diameters,

or shall be extended as far as possible into the support and tenninated in standard

hooks or other adequate anchorage.

(g) Plain bars in tension, except bars for shrinkage and temperature reinfoice-

ment, shall terminate in standard hooks, except that hooks shall not be required on

the positive reinforcement at interior supports of continuous members.

(h) Standard hooks in tension may be considered as developing 10,000 psi

in the bars or may be considered as extensions of the bars at appropriate bond

stresses.

(i) Hooks shall not be considered effective in adding to the compressive resist-

ance of bars.

(j) Any mechanical device capable of developing the strength of the bar with-

out damage to the concrete may be used in lieu of a hook. Test results showing the

adequacy of such devices must be presented.

4. Anchorage of Web Reinforcement

(a) The ends of bars fonning simple U- or multiple U- stirrups shall be an-

chored by one of the following methods:

1. By a standard hook, considered as developing 50 percent of tlie allowable

stress in the bar, plus embedment sufficient to develop by bond the re-

maining stress in the bar, in conformance witli other Articles of this Sec-

tion. The effective embedment of a stirrup leg shall be taken as the

distance between the mid-depth of the member, d/2, and the center of

radius of bend of the hook.

2. Bending tightly aroimd the longitudinal reinforcement through at least

180 deg.

3. Embedment above or below the mid-deptli, cl/2, of the beam on the com-

pression side, a distance sufficient to develop by bond the stress to which

the bar will be subjected, at the bond stresses permitted by Art. 2 but,

in any case, a minimum of 24 bar diameters.

(b) Between the anchored ends, each bend in the continuous portion of a

simple U- or multiple U- stirrup shall be made around a longitudinal bar.



Manual Recommendations 147

(c) Hooking or bending stirmps around die longitudinal reinforcement shall be

considered effective only when these bars are perpendicular to the longitudinal

reinforcement or make an angle of at least 45 deg with deformed longitudinal bars.

(d) Longitudinal bars bent to act as web reinforcement shall, in a region of

tension, be continuous with the longitudinal reinforcement and in a compression zone

shall be anchored as in 4(a)l or 4(a)3.

(e) In all cases web reinforcement shall be carried as close to the compression

surface of the beam as cover requirements and the proximity of other steel will

permit.

5. Anchorage of Bars in Footing Slabs

Plain bars in footing slabs shall be anchored by means of standard hooks. The

outer faces of these hooks and tlie ends of defonned bars shall be not less than 3 in

nor more than 6 in from the face of the footing.

6. Hooks

(a) The tenn "standard hook" as used herein shall mean either:

1. A semicircular turn plus an extension of at least four bar diameters but

not less than 2/2 in. at the free end of the bar, or

2. A 90-deg turn plus an extension of at least 12 bar diameters at the free

end of the bar, or

3. For stirrup and tie anchorage only, either a 90-deg or a 135-deg turn plus

an extension of at least six bar diameters but not less than 2/2 in. at the

free end of the bar.

(b) Minimum radii—The radii of bend measured on the inside of the bar for

standard hooks shall not be less than the \'alues given in Part 1, Sec. H, Art. 2.

H. SPLICES IN REINFORCEMENT

1. General

No .splices of reinforcement shall be made except as shown on the design

drawings or as specified, or as authorized by the engineer. Except as provided

herein, all welding shall confonn to AWS D12.1, "Recommended Practices for Weld-

ing Reinforcing Steel, Metal Inserts and Connections in Reinforced Concrete

Con.struction."

2. SpUces in Reinforcement in Which the Critical Design Stress Is Tensile

Lapped splices in tension .shall not be used for bar sizes larger than No. 11.

Splices at points of maximum tensile stress .shall be avoided wherever possible;

such splices where used shall be welded, lapped, or otherwi.se fully developed. In

any case tlie splice shall transfer the entire computed stress from bar to bar without

exceeding three-fourths of the pennissible bond values given in Art. D, Sec. 3.;

however, the length of lap for defonned bars shall not be less than 24, 30, and 36

bar diameters for specified yield strengths of 40,000, 50,000 and 60,000 psi. respec-

tively, nor less than 12 in. For plain bars the minimum length of lap shall be twice

that for deformed bars.

For contact splices spaced laterally closer than 12 bar diameters or located

closer than 6 in. or 6 bar diameters from an outside edge, the lap shall be increa.sed

by 20 percent, or stirmps as prescribed in Art. C, Sec. 3 (c) 2 or doscK- spaced

spirals shall enclo.se the splice for its full length.
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Where more than one-half of the bars are spliced within a length of 40 bar

diameters or where splices are made at points of maximum stress, special precautions

shall be taken, such as increased lenj^th of lap and the use of spirals or closely

spaced stirrups around and for the lenytli of the splice.

3. Splices in Reinforcement in Which the Critical Design Stress Is Compressive

(a) Where lapped splices are used and the concrete has a strength of 3000 psi

or more, the minimum length of lap for deformed bars shall be 20, 24, and 30 bar

diameters for specified yield strengths of 50,000 and under, 6(),()()0, and 75,000 psi,

respectively, nor less than 12 in. When the specified concrete strengths are less than

3000 psi, the amount of lap shall be one-third greater than the values given above.

For plain bars, the minimum amount of lap shall be twice that specified for

deformed bars.

Lapped splices in compression shall not be used for bars larger than No. 11.

(b) Welded splices or other positive connections may be used instead of

lapped splices. In bars required for compression only, the compressive stress may
be transmitted by bearing of square-cut ends held in concentric contact b>- a suitably

welded sleeve or mechanical device.

(c) Where longitudinal bars are offset at a splice, the slope of the inclined

portion of the bar with the axis of the column shall not exceed 1 in 6, and the por-

tions of the bar above and below the offset shall be parallel to the axis of the

column. Adequate horizontal support at the offset bends shall be treated as a mat-

ter of design, and shall be provided by metal ties, spirals, or other parts of the

construction. Metal ties or spirals so designed shall be placed near (not more than

8 bar diameters from) the point of bend.

The horizontal tlirust to be resisted shall be assumed as 1^2 times the horizontal

component of the nominal stress in the inclined portion of the bar.

Offset bars shall be bent before they are placed in the forms.

(d) Where member faces are offset 3 in. or more, splices of vertical bars

adjacent to the offset face shall be made by separate dowels overlapped as specified

above.

(e) In tied columns the amount of reinforcement spliced by lapping shall not

exceed a steel ratio of 0.04 in any 3-ft length of column.

4. Approved Welded Splices

An approved welded splice is one in which the bars are butted and welded so

that it will develop in tension at least 125 percent of the specified yield strength of

the reinforcing bar. Approved positive connections for bars designed to carry critical

tension or compression shall be equi\ alent in strength to an approved welded splice.

5. Metal Cores in Composite Columns

Metal cores in composite columns shall be accurately milled at splices and

positive provision shall be made for alignment of one core above another. At die

column base, provision shall be made to transfer the load to the footing at safe unit

stresses in accordance with Sec. D. The base of the metal section shall be designed

to transfer the load from the entire composite column to the footing, or it may be

designed to transfer the load from the metal section only, provided it is so placed

in the pier or pedestal as to leave ample section of concrete above the base for the

transfer of load from the reinforced concrete section of the column by means of

bond on the vertical reinforcement and by direct compression on the concrete.
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6. Welded Wire Fabric

Welded wire fabric used as reinforcement in structural slabs shall be spliced in

accordance with the following provisions:

(a) Lapped splices of wires in regions of maximum stress (when they are

carrying more than one-half of the permissible stress) shall be avoided wherever

possible; such splices where used shall be so made that the overlap measured be-

tween outermost cross wire of each fabric sheet is not less than the spacing of the

cross wire plus 2 in.

(b) Splices of wires stressed at not more than one-half the permissible stress

shall be so made that the overlap measured between outermost cross wires is not

less than 2 in.

Reletter Section on Design of Columns on page 8-2-13 from H to I and revise

the text as follows:

Under Art. 1—General, change reference in sixth line to Sec. I instead of

Sec. H.

Substitute for the definition for /'» on page 8—2-14 the following: /'» is the

nominal working stress in vertical column reinforcement as given in Sec. D, Art. 3.

Delete on page 8-2—14, Splices in Longitudinal Reinforcement and text

thereinafter.

Delete on page 8-2-15, Splices in Longitudinal Reinforcement and text

thereinafter.

Delete on page 8-2-16, Splices and Connections and text thereinafter.

Delete all of present Sections I and J on pages 8-2-20 through 8-2-27, and add

the following new material:

J. DESIGN OF FOOTINGS

1

.

Scope

(a) The requirements prescribed in Arts. 2 through 9 apply to isolated footings

and where applicable to combined footings.

( b ) Additional general procedures for the design of combined footings are given

in Art. 10.

2. Loads and Reactions

(a) Footings shall be proportioned to sustain the applied loads and induced

reactions without exceeding the stresses or strengths prescribed in other Sections

of Part 2 and as further provided in this Section.

(b) In cases where the footing is concentrically loaded and the member being

supported does not transmit any moment to the footing, computations for moments

and shears shall be based on an upward reaction assumed to be imiformly distributed

per unit area or per pile and a downward applied load assumed to be uniformK

distributed over the area of the footing covered by the colimin, pedestal, wall or

metallic column base.

(c) In ca.ses where the footing is eccentrically loaded and/or the member

being supported transmits a moment to the footing, proper allowance shall be made

for any \ariation that may exist in the intensities of reaction and applied load con-

sistent with the magnitude of the applied load and the amoimt of its actual or

virtual eccentricity.
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( d ) In the case of footings on piles, computations for moments and shears may
be based on the assumption that the reaction from any pile is concentrated at the

center of the pile.

3. Sloped or Stepped Footings

(a) In sloped or stepped footings, the angle of slope or depth and location of

steps shall be such that the allowable stresses are not exceeded at any section.

(b) In sloped or stepped footings, the effective cross section in compression

shall be limited by the area above the neutral plane.

(c) Sloped or stepped footings that are designed as a imit shall be cast as a

unit.

4. Bending Moment

(a) The external moment on any section shall be determined by passing

through the section a vertical plane which extends completely across tlie footing and

computing the moment of the forces acting over the entire area of the footing on

one side of said plane.

(b) The greatest bending moment to be used in the design of an isolated

footing shall be the moment computed in the manner prescribed in (a) at sections

located as follows:

1. At the face of the column, pedestal or wall, for footings supporting a

concrete colmnn, pedestal or wall.

2. Halfway between the middle and the edge of the wall, for footings under

masonry walls.

3. Halfway between the face of the column or pedestal and the edge of the

metallic base, for footings under metallic bases.

(c) The width resisting compression at any section shall be assumed as the

entire width of the top of the footing at the section under consideration.

(d) In one-way reinforced footings, tlie total tensile reinforcement at any

section shall provide a moment of resistance at least equal to the moment computed

as prescribed in (a); and the reinforcement thus detennined shall be distributed

uniformly across the full width of the section.

(e) In two-way reinforced footings, the total tension reinforcement at any

section shall provide a moment of resistance at least equal to the moment computed

as prescribed in ( a ) ; and tlie total reinforcement thus determined shall be distributed

across tlie corresponding resisting section as prescribed for square footings in (f),

and for rectangular footings in (g).

(f) In two-way square footings, tlie reinforcement extending in each direction

shall be distributed uniformly across the full width of the footing.

(g) In two-way rectangular footings, the reinforcement in the long direction

shall be distributed uniformly across the full width of the footing. In the case of

the reinforcement in tlie short direction, that portion detennined by Eq. ( 19 ) shall

be unifoniily distributed across a band-width (B) centered witli respect to the

center line of the column or pedestal and having a width equal to tlie length of the

short side of the footing. The remainder of the reinforcement shall be uniformly dis-

tributed in the outer portions of the footing.

Reinforcement in band-width (B) c= 2

Total reinforcement in short direction ( S -j- 1

)

where S is the ratio of the long side to the short side of the footing.

(19)
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5. Shear and Bond

(a) For computation of shear in footings, see Sec. F, Art. 8.

(b) Critical sections for bond shall be assumed at the same planes as those

prescribed for bending moment in Sec. J, Art. 4(b)l; also at all other vertical planes

where changes of section or of reinforcement occur.

(c) Computation for shear to be used as a measure of flexural bond shall be

based on a vertical section which extends completely across the footing, and the

shear shall be taken as tlie sum of all forces acting over the entire area of the footing

on one side of such section.

( d ) The total tensile reinforcement at any section shall provide a bond resistance

at least equal to the bond requirement as computed from the external shear at tlie

section.

(e) In computing the external shear on any section through a footing supported

on piles, the entire reaction from any pile whose center is located 6 in. or more out-

side the section shall be assumed as producing shear on the section; the reaction

from any pile whose center is located 6 in. or more inside the section shall be

assumed as producing no shear on the section. For intennediate positions of the pile

center, tlie portion of the pile reaction to be assumed as producing shear on the

section shall be based on straight-line interpolation between full value at 6 in. out-

side the section and zero value at 6 in. inside the section.

(f) For allowable shearing values, see Sec. D and Sec. F.

(g) For allowable bond values, see Sec. D and Sec. G.

6. Transfer of Stress at Base of Column

(a) The stress in the longitudinal reinforcement of a column or pedestal shall

be transferred to its supporting pedestal or footing either by extending the longi-

tudinal bars into the supporting member, or by dowels.

(b) In case the transfer of stress in the reinforcement is accomplished by

extension of the longitudinal bars, they shall extend into tlie supporting member
the distance required to transfer this stress to the concrete by bond.

(c) In cases where dowels are used, their total sectional area shall be not less

than the sectional area of the longitudinal reinforcement in tlie member from which

the stress is being transferred. In no case shall the number of dowels per member

be less than four and the diameter of the dowels shall not exceed the diameter of

the column bars by more than Js in.

(d) Dowels shall extend up into the column or pedestal a distance at least

equal to that required for lap of longitudinal column bars (see Sec. H) and down

into the supporting pedestal or footing the distance required to transfer to the con-

crete, by allowable bond stress, the full working value of the dowel (see Sec. G,

Art. 3(i) ).

(e) The compression stress in the concrete at the base of a cohnnn or pedestal

shall be considered as being transferred by bearing to the top of the supporting

pedestal or footing. The compression stress on the loaded area shall not exceed the

bearing stress allowable for the quality of concrete in the supporting member as

determined by the ratio of the loaded area to the supporting area.

(f) For allowable bearing stresses, design shall confonn to the \ahies in Art. D,

Sec. 2.

(g) In sloped or stepped footings, the supporting area for bearing may be

taken as the top horizontal surface of the footing, or assumed as the area of tJie
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lower base of the largest frustum of a pyramid or cone contained wholly v\'ithin

the footing and ha\ing for its upper base the area actually loaded, and having side

slopes of one vertical to two horizontal.

7. Pedestals and Footings (Plain Concrete)

(a) The allowable compression stress on the gross area of a concentrically

loaded pedestal under service load shall not exceed 0.25 f'c. Where this stress is

exceeded, reinforcement shall be provided and the member designed as a reinforced

concrete column.

(b) The depth and width of a pedestal or footing of plain concrete shall be

such that the tension in the concrete in flexure shall not exceed 1.6 V/',-. The average

shear stress shall satisfy the requirements of Sec. F.

8. Footings Supporting Bound Columns

( a ) In computing the stresses in footings which support a round or octagonal

concrete column or pedestal, the "face" of the column or pedestal may be taken as

the side of a square having an area equal to the area enclosed within the perimeter

of the column or pedestal.

9. Minimum Edge Thickness

( a ) In reinforced concrete footings, the thickness above the reinforcement at

the edge shall be not less than 6 in. for footings on soil, nor less than 12 in. for

footings on piles.

(b) In plain concrete footings, the thickness at the edge shall be not less than

8 in. for footings on soil, nor less than 14 in. above the tops of the piles for footings

on piles.

10. Combined Footings and Mats

(a) The following recommendations are made for combined footings and mats

—those supporting more than one colmnn or wall:

1. Soil pressures shall be considered as acting uniformly or varying linearly,

except that other assumptions may be made consistent with the properties

of the soil and the structure and with established principles of soil

mechanics.

2. Shear as a measure of diagonal tension shall be computed in conformance

with Sec. F, Art. 8.
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Committee 15—Steel Structures

Report on Assignment B

Revision of Manual

D. V. Messmax (chairman, suhcammitiee), E. Bond, T. J. Boyle, H. L. Chamber-
lain, A. C. Danks, G. F. Fox, T. J. Mearsheimer, D. L. Nord, R. D. Nord-
strom, D. D. Rosen, G. W. Salmon, R. D. Spellman, J. E. Stallmeyer,

J. L. DuRKEE, G. E. Morris, Jr., E. S. Birkenwald.

Your committee submits the following revisions of Chapter 15 of the Manual

for adoption and publication:

PART 1—DESIGN—ASTM A 36 STEEL

Page 15-1-11, Art. 1.3.9—Delete entire paragraph and substitute:

1.3.9 Lateral Forces from Equipment

(a) For bracing systems or for longitudinal flexural members entirely without

a bracing system, a single moving concentrated lateral force equal to /4 of the

weight of the heaviest axle in the specified design live load shall be applied at the

base of rail, in either direction and at any point along the span, in addition to the

other lateral forces specified. On structures supporting multiple tracks, the force

shall be applied on one track only. The resulting vertical forces shall be disregarded.

Page 15-1-28, Art. 1.8.3 (c)—Change to read:

"For stringers, the gage from back of angle to first line of fasteners in the

flexing legs . .
."

Page 15-1-36, Art. 1.13.5 (b)—Add comma after word roller in third line.

Page 15-3-16, Art. 3.5.5 (d)—Remove asterisk at the end of article and the

footnote at the bottom of page 15-3-16.

Report on Assignment 7

Bibliography and technical explanation of various requirements

in AREA specifications relating to steel structures

J. G. Clark (chairman, subcommittee), H. T. Alexander, D. S. Bechly, L. S.

Beedle, T. J. Boyle, J. L. Durkee, J. J. Fiala, G. F. Fox, J. M. Hayes, A.
Hedefine, D. V. Messman, M. Schifalacqua, J. D. Tapp, Jr., W. WiLnvm,
R. H. Wengenroth.

Your committee submits the following for adoption and publication in Part 9

of Chapter 15 of the Manual:

153
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9.3 FABRICATION

Many of the articles in Part 3 of these specifications havini; to do witli welded
fabrication were copied verbatim, or with some modifications, from the Specifica-

tions for Welded Highway and Railway Bridges (D2.0-66 and D2.0-69) of the

American Welding Society. Listed below, where applicable, are the paragraph

numbers from the AWS Specifications (D2.0-69) on which corresponding articles

of these AREA Specifications are based. As stated in the Commentary remarks

covering Sections 1.10 and 2.8, it is the intent of these specifications to include

such provisions as are necessary to ensure that the welds will be of such quality,

and made under such controls, as will ensure safe bridge structures. It is, however,

not the intent of these specifications to cover tlie mechanics of the welding process

being used, or the qualification of the welding process or of the welder or operators

of welding equipment, since these matters are judged to be adequately controlled

by the American Welding Society.

9.3.1.6 Flame Cutting

The flame-cutting procedures described in (a), (b) and (c) of this article

are applicable to all types of fabrication, and are from AWS Paragraph 302 (c)

modified. Subarticle (d), applicable to materials used in riveted or bolted construc-

tion only, is included since flame-cut edges of the two specified relatively hard

steels (A 440 and A 572 Grade 60) are subject to edge cracking which can initiate

fatigue failures in the finished structure.

9.3.1.7 Straightness and Dimensional Tolerances

Prior to the 1969 edition, these specifications did not include specific require-

ments for straightness and dimensional tolerances. As long as the steel used met

the mill tolerance requirements, members fabricated by riveting and/or bolting

procedures were usually satisfactory in these respects. The distortion and shrink-

age connected with welding make necessary the specific tolerances covered by

requirements of this article, which correspond to AWS Paragraph 305, with the

addition of requirements covering the length tolerances with floorbeams and stringers

with facing connections, and for members with milled-to-bear ends.

9.3.1.8 Planing Sheared Edges

Any sheared edge may have incipient cracks resulting from the shearing oper-

ation, which literally tears the material apart. Since such cracks might be harm-

ful, the requirements for edge planing of sheared material have been included in

these and other specifications for many years.

The planing requirements need not be applied to thin A 36 material because

the shearing operation does not produce structurally damaging defects therein.

9.3.2.2 High-Strength Bolts, Nuts and Washers, and

9.3.2.3 Installation Procedure for High-Strength Bolts

The procedure for the installation of high-strength bolts in railroad structures

which best ensures that such bolts are adequately tightened is the turn-of-nut method

(26) (27).

9.3.2.6 Preparation of Holes for Shop Fasteners

In (a) 3, holes in members subject to live-load stress are required to be

drilled or reamed in order to avoid the incipient peripheral cracking at holes
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punched full size through thick material and the resultant lessening resistance

against fatigue failures.

9.3.2.7 Preparation of Holes for Field Fasteners

The same comments as for Article 3.2.6 regarding cracks in the periphery of

punched holes apply also to holes for field connections, and, in addition, there must

be provision for accurate alignment of field connection holes. This article calls for

field connection holes to be so located that they will register exactly when the struc-

ture is in its geometric configuration. This requires that truss members, as erected

under a no-stress (or practically so) condition, must be bent and forced to fit the

end connections, thus introducing an initial reverse secondary stress which will the-

oretically disappear when the structure assumes the loading for which it is cambered.

9.3.3.2 Preparation of Material for Welding

Thi.s article is AWS Paragraph 302 (a) modified.

9.3.3.3 Assembly of Material for Welding and Control of Distortion and

Shrinkage

Subarticle (a) is AWS Paragraph 304 (a) and (c), modified.

Subarticle (b) is AWS Paragraph 304 (f ), modified.

Subarticle ( c ) is AWS Paragraph 304 ( g )

.

Subarticle (d) is AWS Paragraph 303 (a), modified.

Subarticle (e) is AWS Paragraph 303 (c).

Subarticle (f) is AWS Paragraph 303 (d), modified.

9.3.3.4 Flange-to-Web Welds of Flexural Members

The only method considered accep.able for making flange-to-weli welds of

flexural members is a properly selected automatic procedure. In order to make such

welds having the necessary uniformity and (juality l?y any other method, elaliorate

and costly inspection procedures would be required.

9.3.3.5 Tack Welds and Temporary Welds

Subarticle ( a ) is included because of fatigue considerations.

Subarticle (b) is AWS Paragraph 303 (g) (1), modified.

Subarticle (c) is AWS Paragraph 303 (g) (2).

Subarticle (d) is AWS Paragraph 303 (n), modified.

9.3.3.6 Backings, Extension Bars and Run-OfF Plates

This article is a combination of the apphcable portions of tlie reciuirements of

A\\'S Paragraphs 102 (d), 406 and 407.

9.3.3.7 Details of Welds

Thi.s article is AWS Paragraph 306, modified.

9.3.3.8 Quality of Welds

This article is AWS Paragraph 307, modified, with subarticle (b) added to

make the .\WS requirements more explicit.

9.3.3.9 Corrections

This article is AWS Paragraph 308, modified.
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9.3.3.10 Peening

This article is AWS Para)J;rapli 309, modified.

9.3.3.11 Stress-Relief Heat Treatment

This article is AWS Paragraph 310, modified.

9.3.5 Inspection

This section incorporates references to procedures specified by the Research

Council on Riveted and Bolted Structural Joints and by the American Welding

Society, with modifications to suit railroad bridge fabrication reciuirements. Infor-

mation on determining acceptability of welds tested ultrasonically can be found

in "Proposed Specifications for Ultrasonic Testing of Butt Welds in Highway and

Railway Bridges," BPR-UTI, dated May 1, 1968, of the United States Bureau of

Public Roads.

9.3.6.4 Pay Weight

Editions of these specifications prior to that of 1969 permitted payment for

pound-price contracts to be based on either scale weight or computed weight. Con-

sequently, it was necessary to specify a method of computing the weight which is

compatible with scale weight.

Since it is practically impossible in many cases to determine an accurate scale

weight, and since the procedure of computing a weight compatible with a scale

weight is tedious and serves no useful purpose, the 1969 edition of these specifi-

cations follows the procedure developed by the American Institute of Steel Con-

struction for computing weight. Although this results, in most cases, in a computed

weight greater than would be the case under the former AREA procedure, the

resulting weight is essentially the same as the gross weight of the steel furnished

to the fabricator by the mill. The fabricator will normally adjust his price proposal

so that the purchase price of the structural steel is not affected.

9.5 SPECIAL TYPES OF CONSTRUCTION
9.5.1 Composite Steel and Concrete Spans

The two types of shear connectors included, i.e., manually welded channels

and automatically welded studs, are those most commonly used ( 28 ) . Other types

may be satisfactory, however.

Specification requirements are generally based on performance, allowing the

manufacturer and fabricator considerable leeway as to details and procedures.

9.5.1.2 Basic Design Assumptions, and

9.5.1.3.1 Design Load for Shear Connectors

The calculations for the value of the horizontal shear between the steel beam
and the concrete slab in Article 5.1.2 (j) involve the determination of the value

Sm of the maximum horizontal shear, and the value of S, of the range of the hori-

zontal shear.

The effect of repeated stress variations was studied at Lehigh University by

making fatigue tests on composite spans (28). The results indicated that the range

of horizontal shear resulting from live load and impact, rather than the maximum
horizontal shear from dead load combined with live load and impact, controls fatigue
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capacity. The allowable design load per shear connector, based on maximum range

as specified in Article 5.1.3.1, is therefore less than is specified in that same article

for maximum shear.

9.5.2.8 Longitudinal StiflFeners

The requirements of this article correspond to specifications of the American

Association of State Highway Officials, 1966 edition, with some modifications.

Add the following to Bibliography, page 15-9-20:

(26) Installation and Tightening of Bolts, E. F. Ball and J. J. Higgins, Jour-

nal of the Structural Division, ASCE, Vol. 85, No. ST3, Proc. Paper

1974, March 1959, pp. 117-132.

(27) Calibration of A 325 Bolts, J. L. Rumpf and J. W. Fisher, Journal of

the Structural Division, ASCE, Vol. 89, No. ST6, Proc. Paper 3731, Dec.

1963, pp. 215-234.

(28) Fatigue Strength of Shear Connectors, Roger C. Slutter and John W.
Fisher, Highway Research Record No. 147, Highway Research Board,

Washington, D. C, 1966, pp. 65-88.

Manual Recommendations

Committee 31—Continuous Welded Rail

Report on Assignment 7

Field Welding

K. H. KaiNnowski {chairman, subcommittee), B. J. Gordon, R. A. Hunziker, B. J.

Johnson, G. G. Knupp, W. S. Lovelace, L. H. Martin, C. R. Merriman,
M. S. Reid, E. C. Rudolph, V. R. Terrill, G. R. Thurston, H. J. Vale, C. E.

Weller.

Your committee submits for adoption the following material on Thermite Weld-

ing—Rail Joints, with the recommendation that it be placed in Chapter 4 of the

Manual following page 4-2-6.6.

THERMITE WELDING—RAIL JOINTS

GENERAL

The ASM Handbook and Webster define thermite, thermite reaction and ther-

mite welding as follows:

Thermite—A mixture of finely divided aluminum with an oxide of iron or other

metal.

Thermite Reaction—Strongly exothermic self-propagating reaction where finely

divided aluminum reacts with a metal oxide. A proper mixture of aluminum

and iron oxide produces sufficient heat to weld steel.
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Thermite Welding—Welding with heat produced by the reaction of aluminum

with a metal oxide. Filler metal is obtained from the reduction of the appro-

priate oxide.

When ignited, the reaction within the thermite mixture develop.s a temperature

approaching 5000 F and produces a filler metal of about 3500 F which, when in-

troduced into a gap l>etvvcen the rails, welds or fuses the ends together. The reac-

tion metal is generally iron which has been enriched with alloys to produce a filler

metal assimilating the characteristics of the rail steel being welded.

In all ahuninothermic or thermite welding processes, the reaction takes place

in a separate crucible or in a reaction chamber integral with the mold. When
complete, the resultant metal is tapped, either manually as in the European proc-

esses, or is self-tapping as in the United States processes, into disposable prefabri-

cated molds properly placed over the opening between the rail ends previously

prepared for the butt welding.

Preheating, an important part of thermite welding, is applied differently by

the \'arious rail welding processes available today. Separate preheating equipment,

operated independent of the reaction crucible, along with accessory clamps, etc., is

common to the foreign developed systems, while United States processes employ

shell molds, in one case provided with an exothermic binder in the mold to be con-

sumed as the preheater, while in another case the preheat is supplied by an initial

portion of the filler metal washing the rail end faces as it passes through the joint

gap to a sump provided in the mold beneath the base of the rails to be welded.

Small hand tools, luting material, and cutting and grinding equipment are

required with all processes.

WELDING

The basic requirements for thermite welds are:

1. Remove moisture and all foreign substances such as dirt, grease, loose

oxide, slag, etc., from the weld area.

2. Align rail ends properly. Joint gap and lateral and vertical positioning of

the ends are very important.

3. Apply mold in exact location over rail gap and properly seal.

4. Follow detailed instructions of the qualified thermite process without

deviation.

5. It is assumed that flotation of impurities in the crucible and the mold,

and proper gating and feeding, are provided for in the equipment and

instructions supplied with the thermite package.

Following are minimum requirements for quality welds, good track alignment

through the weld, and satisfactory riding characteristics over the welded joint:

1. The rail end faces should be square to the running surface of the rail.

In order to obtain this condition, the rail should be properly aligned

first if the gap is to be cut in track, or pre-cut square rail ends .should

be properly aligned and spaced.

2. The gap between the rail end faces should be between % inch and 1

inch, depending on the welding process and rail section involved.

3. The joint gap may be either flame, saw, or abrasive-disc cut. Flame

cuts should be reasonably smooth. A precaution should be ob-served in
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the case of flame cutting in that the weld should be made within an
hour m order to prevent deep thermal cracks from forming on the
name-cut rail end faces.

4. All burrs should be removed from tlie cut rail ends at the joint gap all
fans and head metal flow in relayer rail ground away, and loose oxidesand foreign material removed from the weld area .surfaces for at least
5 inches back from tlie ends of the rails. This permits close fitting of themolds and reduces contamination of the weld.

5. Sufficient preheat to promote good fusion is desirable. Preheating strictly
to prescribed times is desirable. Preheating may be accomplished with a
propane-oxygen flame, a generated gas flame, a higher temperature filler
metal, or by the initial filler metal pa.s-sing over the rail end faces into
a sump.

6. The prefabricated molds used in any of the processes should be cen-
tered exacdy with the center of the rail gap.

7. The luting or sealing of the molds to the rail should be performed ^^ith
care so that the luting material is not introduced into the weldchamber. It has been found practical and economical to use car andlocomotive sand mixed with western bentonite at a proportion of 4-1

AAR ll-lm-sT
°^ ""'"'"' " "^^ ™"*"''- ^^' ^'"^ specification is

8. The crucible or reaction chamber should be dry and clean at all times

ally. It IS desirable that the metal should not be tapped until the reac-tion IS completed and the slag has separated from the filler metal
''

el!!sdefofT"^'^?
'''"

l'™ "™r^' '^' ^^'^^^ -^'d "-^-I should beehrseled off and ground to match the rail contour, at least on the topand sides of the head. At no time is it permissible to use a cutting to ehto perform the above operation.

11. The use of X-ray or ultrasonic equipment to evaluate the qualitv andsoundness of the completed weld is recommended.

In order to cope with all possible conditions which may be encountered whenweldmg joints in connection with rail laying operations, the asrorXr uhc ,WckIS recommended. The jack i.s installed after the rail is ihVned .nVl
7'"''"''' ^'"'.'^

z'i h^rT ''•' ^'1 -? r-' ''- -^'^^-^-^ ^^Z:jz:



Manual Recommendations, Committee 4—Rail

Report on Assignment B

Revision of Manual

V. E. Hall (chairman, subcommittee), R. E. Catlett, J. T. Collinson, R. G.
Garland, T. B. Hutcheson, A. V. Johnston, R. R. Lawton, A. B. Merritt,
R. B. Rhode, H. M. Williamson.

Your committee recommends that the 119-lb CF&I rail section be adopted as

an AREA-recommended section, and that the accompanying drawing showing the

dimensions and properties of this section be published in Chapter 4 of the Manual.

Area
Sq In

Head 4.32
Web 3.04
Base 4.29

Total 11.65

Percent
37.1
26.1

36.8

100.0

Moment of inertia 71.4
Section modulus, head 19.4
Section modulus, base
Ratio m.i. to area
Ratio s.m. head to area . . . .

Ratio height to base
Galculatea weight, lb per yd
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22.9
6.13
1.70
1.24

118.8



Manual Recommendations

Committee 5—Track

Report on Assignment 2

Track Tools

T. L. BiGGAR (chairman, subcommittee), W. E. Billingsley, S. W. Bruner, R. V.

Dangremond, G. E. Fischer, L. D. Freeman, M. P. Moore, C. W. Morrison,
T. C. Netherton, G. Perko, E. F. Pittman, L. L. Rekuch, R. W. Tipper.

Your committee recommends that the Rail Thermometer plans and specifications

shown below be adopted and published in Chapter 5 of the Manual.
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Report on Assignment 5

Turnout and Crossing Design

C. J. McCoNAUGHY (chairnwn, subcommittee), W. G. Crone, A. G. Ellefson, E. E.

Frank, V. C. Hankins, C:. P. Huhlein, D. L. Jerman, R. J. Jones, C. N.

King, G. G. Knupp, R. E. Kuston, J. R. Masters, M. P. Moore, G. H. Per-

kins,' G. Perko, C. E. Peterson, L. E. Porter, A. J. Schavet, K. H. von Kam-
pen, J. F. Warrenfells, Jr.

Your committee submits for adoption and publication the following recom-

mendations regarding the AREA Portfolio of Trackwork Plans:

Plan No. 504-55, Guard Rails— Tee Rail Design with Planed Flares and Flat Plates

Lengthen the tapered approaches. The present tapered approaches in tlie guard

rails are considered too short to accommodate present higher train speeds. The revised

version of Plan No. 504-55 is presented herewitli.

Plan No, 1010-55, Permissible Variations in Completed Frogs

Revise to eliminate difficulties encountered by manufacturers in completing

frogs to the tolerances shown on the present plan, and to add certain tolerances

not now shown. The revised version of Plan No. 1010-55 is presented herewith,

which also incorporates a redesigned railbound insert casting which should add to

easier and better manufacturing.

AREA Specifications for Special Trackwork

In the Specifications for Special Trackwork, Appendix A-59, page 4, revise the

first and last paragraphs of Art. 410, Depth Hardening, as shown below:

Present

410. Depth Hardening

When specified, the impact areas

described on the Trackwork Plans shall

be hardened by hammering or pressing

integrally cast pads of suitable thickness

and area to a minimum surface Brinell

hardness of 350 for the areas within 1"

of the gage or guard lines and a mini-

mum Brinell hardness of 320 for the

balance of the hardened area. The

method to be used is at the option of

the manufacturer and shall insure that

the depth from the tiead surface to the

normal hardness of cast manganese steel

shall not be less than 1" near the flange-

way walls, tapering to not less than ii"

throughout the hardened area.

Castings failing to meet the hard-

ness requirement will be acceptable pro-

vided the cost for the hardening process

is deducted from the price.

Proposed

410. Depth Hardening

When specified, the impact areas

described on the Trackwork Plans shall

be hardened by flexible sheet explosive

or by hammering or pressing integrally

cast pads of suitable thickness and area

to a minimum surface Brinell hardness

number of 352 for the areas witliin 1"

of the gage or guard lines and a mini-

mum Brinell hardness number of 321

for the balance of the hardened area.

The hardening method to be employed,

if not otherwise specified, shall be at the

option of the manufacturer.

Castings failing to meet the hardness

requirement will be acceptable provided

the fee for the hardening process is not

assessed.
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L^ CENTER OiOf GUARD RML

SECTION THRU SEPARATOR BLOCK BEVELED END OF RAIL
GUARD RAIL TIE PLATE

1—GUARD RAILS shall be furnished to leogth
called (or and, ualess otherwise specified, with

illustrated in plan views and per
s follows;

Separator blocks aod bolts per Note No. 2

End blocks and bolts per Note No. 3

Tie plates per Note No. 4

+—PLATES—Shall be 7" x H" x 16" (or raib
less than 100 lb. per yd., and 8" x M" ^ IT'
for rails 100 lb. per yd. and heavier, except

5—ALTERNATES.
(a) CLAMP GUARD RAILS — Clamps per

Plan Basic No. 505 may be used instead

of separator blocks and bolts in approxi-

mately the same locations, and shall be
furnished when specified.

(b) RAIL BRACES—Approved type of guard
rail braces to be furnbbed when required:

purchaser shall specify details and state

on which plates they are to be used.

Plans Basic No. 502 and 790.

SPECIFICATIONS—See Appendix
Bolt sizes and details shall be [

1402. Appendix

American Railway Engineering Association

proposed Revisions

GUARD RAILS

TEE RAIL DESIGN WITH PLANED
FLARES AND FLAT PLATES

PLAN NO. 504-55



TOE SPREAD ±
f

1

'^

[

w

SECTION II

TOE AND

i MAX
3Z __j

STIti

CROSS LEVEL

ri3HIN0 HCI6MT OF
TRUC «»IU SECTION
4-0," -1/32*

DN



TOE SPREAD ±ii

''PLCTEO

ALINEMENT
E LIMES

FROOS SMftLL NOT VARY MORE TH*M
1/18" FROM TRUE ALINEU
UNE PRODUCED FflCM TOE SHALL
NOT TOUCH AOrUAL FROQ POINT.

e2£«&ferS:^<!^kto

, SPECIFIED
VDISTAHCE ± Ji^

^^^,r^^n

SECTION THROUGH HEEL RISER

CLOSED POSITION

tTRAI<ft^T LINE CONTACTtNO DOTH RAIL BASES
CROSS LEVEL OF RAIL BASES THRU LENGTH OF FROGS ^^^ y,£yy Qp hq^q dO.VN SECTION OF A SPRING RAIL FROG

SECTION AT BEND CF SPfllNO WINO, PLAN BASIC NO. 4CI

CASTING SHALL FIT RAIL BASES FOR AT LEAST
76 1 OF IT5 LENOTH WITH MA>t

. .,-. ABOVE NOR 1/64" Of 1/32" IM HEIGHT AND «"1N LCNQTH

RFACe OF TRUE KAIL tEOTION

OTINO NOT TO

SECTION F-F, PLAN OA
FIT OF CA5TIN0 IN A HAIL BOUND

PROPOSED REVISIONS

American Railway Engineering Association

PERMISSiBLE VARIATIONS IN

COMPLETED FROGS

PLAN NO. 1010-55



MODEL 441

Developed and Built

for Railroad Maintenance

180° BOOM SWING

J^OiS All JOBS!

LAYING WEIDED R

GUTSMAINTE NANCE COSTS

J2 fASl CHANGE ATTACHMENTS
• Forks

• T/4 Cu. Yd. Bucket
• Tote Hook
• 18' Boom Extension

• Fork Tie Baler

• Track Cleaning Bucket

• Back Hoe
• Clamshell

• Back Filler Blade

• Pull Drag Bucket

• 4 Cu. Yd. Snow Bucket

• Pile Hammer

Optional Attachment

Flanged Wheels, Hydraulically Controlled

PETTIBONE MULLIKEN CORPORATION
RAILROAD

Ml W. JACKSON

DIVISION

CHICAGO 4, III.

WIDE TRACK CLEANING BUCKET*

80 Years of Service

to the Railroad Industry



162-2 Advertisement

It's Maintenance First-and

PORTEC Railway Products

are First in Maintenance

Rail Anchors

• IMPROVED FAIR Anchors

• XL-1 FAIR Anchors

• Anchor Renewal Service

Rail Joints

n^
• standard Joints

• Insulated Joints—armored
and continuous

• Compromise Joints

• Poly-insulated Joints

• Poly-insulated Plates

• Insulation

839-1

Rail and Flange

Lubricators

Reversible Switch

Point Protectors

Diesel and

Caboose Batteries

Literature available on request.

PUK I lC\m inc. RAILWAY PRODUCTS DIVISION

300 Windsor Drive, Oak Brook, Illinois 60521 • In Canada: Portec, Limited



.EVELLING, LINING, TAMPING...

n ONE OPERATION, with ONE OPERATOR

PROJECTOR

.ELECTRONIC
REFERENCE

, FEELER
detects position
of track in spiral

or curve at every
tie end leads
Inlormation to

"Auto-Control"

USER UNIT

WORKINa
SHADOW BOARD
controls lining at

point where
lilting, levelling

and tamplng_
l» done.

RECEIVER
BUQQY
"Auto-Control"
continuously
positions
receivers
electronically to

salialy Ideal curve
requiremonls and
establishes
required amount
ot track
cotreciion

The Autojack Electromatic

with Autoliner leads the way

through these advantages:

# Gives the highest possible degree of accuracy by electronic

beams projected 100 feet in advance of where levelling,

lining and tamping are taking place.

# Automatic, continuous operation for both tangent and
curve track.'

# No plotting of spirals or curves required. Machine computes
as it runs for the best transition.

# No disturbing or humping of track — lining takes place

simultaneously w/ith lifting and tamping ahead of tamping
tools.

# With the Autoliner, it is possible to make a minute throw
and have it stay there because tamping is done in correct

alignment.

"Model ALT for Tangent track and Model ALC (or Tangent
and Curve Track, both available as attachments (or

existing AUTOJACK ELECTROMATICS,

^ Head OflRce & Plant— 2401 Ed-
1 mund Rd., West Columbia, S. C.

29169 • 803/794-9160
Plant— 160 St. Joseph Blvd.,

Lachine (Montreal), Que., Canada
• 514/637-5531

Parts Depot— 1902 University

Ave., St. Paul, l\^inn. 55115 •

612/645-5055

! Sales, Sertice & Parts— Tamper
(Australia) Ply. Ltd., 34 Mcin-
tosh St., Airport West, G.P.O.
Melbourne, Victoria 3042, Aus-

-j tralia • 379-8441



162-4 Advertisement

THE DOUBLE U RAIL ANCHOR

ACHUFF RAILWAY SUPPLY CO.
ST. LOUIS, MO.



Advertisement 162-5

f
What's he doing 1

Drilling one of 12,000

inspection holes in

this 1300' creosoted

pine trestle

Why?
to locate internal

decay and evaluate

remaining timber

strength.

That's what we
mean by inspection

and in-place treatment

OSMOSE WOOD PRESERVING CO.

OF AMERICA, INC.

980 Ellicell St., Buffalo, N. Y. 14209



162-6 Advertisement

<^ WOODINGS-VERONATOOLWORKS
Pioneer Manufacturers

of

HIGH GRADE TRACK TOOLS
and

SPRING WASHERS FOR TRACK
Since 1873

VERONA, PA. CHICAGO, ILL.

WOODINGS FORGE & TOOL COMPANY
Makers

of

WOODINGS RAIL ANCHORS

VERONA, PA. CHICAGO, ILL.

Assure lower maintenance costs, better performance with

Texaco

Railroad Lubricants

and Systematic
Engineering

Service

New York • Atlanta • Chicago • Minneapolis • St. Louis • San Francisco
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162-8 Advertisement

YOUR RAILROAD HASA FUTURE!
DO YOUR RAIL ANCHORS?
They do, if they are rugged Unit Rail Anchors. High carbon, high
manganese, spring steel, improved heat treating methods, and truly

effective no-overdrive design give the Unit Rail Anchor the holding
power it needs — for today's job and for repeated future use. You
get maximum service — Unit Rail Anchors can be used over and over
again without significant loss of holding power. Due to the UNIT'S
design, it CANNOT be overdriven . . . assuring economy through
REAPPLICATION, without costly re-forming. Initial investment is paid
for many times over through high REAPPLICATION value. Unit Rail

Anchors — the Future is designed into them.

ALSO AVAILABLE — UNIT II, Same high quality at a lower cost . . .

Made from a slightly lighter section of steel, for requirements where
the very high holding power and reserve strength of the Standard
Unit are not considered essential.

MEMBER

RRI
RAIlWAr I
PKOoness I
INSTITUTt ^t^

UNIT RAIL ANCHOR COMPANY, INC.
P.O. Box 4004
Pittsburgh, Pa. 15201

(412)781-4800

Midwest Office: 322 S. Michigan Ave.

Chicago, III. 60604

(312)427-7442
70RA3
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Report of Committee 16—Economics of Railway

Location and Operation

Thomas J. Lamphier,
Chairman

W. G. Byers,
Vice Chairman

R. W. McKnight,
Secretary

G. RUGGE
J. C. Martin
R. J. Lane
T. C. NORDQUIST
L. A. Durham, Jr.

T. D. Kern
K. W. Bradley
H. J. Kay

R. S. Allen
J. W. Barriger
D. E. Brunn
H. S. Bull
L. P. Diamond
W. J. Dlxon
R. H. Dunn
G. B. DuTTON, Jr.

J. J. Eash
P. C. Fuller
B. G. Gallagher
G. R. Gaspard
A. J. Gellman
R. C. Gilbert
R. L. Gray
A. M. Handwerker
G. E. Hartsoe
W. W. Hay
L. W. Ha\T)ON
R. P. Hoffman
G. R. Janosko
F. A. Koomanoff
H. N. Laden
A. S. Lang
K. L. Lawson
J. H. Marino
T. J. Mattle
R. McCann
D. McCorquodale
R. L. McMurtrie
C. J. Meyer
M. B. Miller
R. L. MiLNER
F. N. Nye (E)

J. F. Partridge
W. L. Paul
G. A. Payne
R. D. Penhallegon
M. Price

J. S. Reed
F. J. RiCHTER
V. J. ROGGEVEEN
A. L. Sams
R. J. SCHIEFELBEIN

J. H. Seamon
M. J. Shearer
L. K. SiLLCOx (E)
T. H. Sjostrand
C. W. SOOBY

J. J. Stark, Jr.

A. J. Strobel
D. M. Tate
J. E. Teal (E)
C. L. TOWLE
W. S. TUINSTRA
R. Turner
D. E. TuRNEY, Jr.

H. Wanaselja
L. E. Ward
F. Wascoe
D. M. Weinroth
J. R. WiLMOT
P. B. Wilson
T. D. Wofford
H. L. WOLDRIDGE
J. D. Worthing

Comm,ittee

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Emphasis this year has been on the complete reworking of Part 4 of

Chapter 16 of the Manual, and it is hoped that during 1971 the neces-

sary work will be completed so that this new Part can be submitted for

approval. New Parts 1, 2, 3, and 5 were completed and approved for

adoption in the Manual and were issued to Manual holders in the 1970

Manual Supplement.

1. Study optimum length, speed and weight of freight trains under vary-
'"

'
' j-i-— "elating to (a) bal-mg

ly optmium lengtn, spcea ana weignt or rreignc u

...ft traffic and competitive and operating conditions rel

anced trains, (b) long train operation, and (c) short train operation.

A draft of a proposed report on this subject is now being reviewed by

165
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166 Economics of Railway Location and Operation

the subcommittee, and will be taken up by the full committee at its

next meeting.

2. Engineering methods and economic considerations involved in improv-

ing the quality of transportation service.

An outline has been prepared for this subject and work is continuing.

3. Determination of maintenance of way expense variations with various

traffic volumes and effect of using such variations, in terms of equated

mileage or other derived factors, for allocation of available funds to

maintenance of way, collaborating as necessary or desirable witli Com-
mittees H and 22.

No report this year. Work is continuing on this most difficult and con-

troversial subject.

5. Location and operation of metropolitan transit systems as related to

current railway operations.

An advance report on the track structures and practices of seven metro-

politan transit systems was published in Bulletin 629, September-

October 1970. Under this assigimient the committee will next take up

the relationship between metropolitan transit systems and their coor-

dination with existing railroad systems.

6. Study the economics and operational characteristics of Automatic Car

Identification to develop data for evaluating the optimum location of

scanners.

The final report on this assigrmient was published in advance in Bulle-

tin 629, September-October 1970. It deals with the economics of ACI
systems. It is anticipated that the assigrmient will be reactivated in

about two years when some experience has been gained with the use of

ACI systems.

7. Applications of industrial engineering functions to the railroad industry.

A final report on the evaluation of the performance of hot box detectors

has been prepared. The subcommittee currently is working on two sub-

jects: (1) the use of yard performance standards, and (2) the role of

industrial engineering departments on railroads.

9. Determine factors, including costs, involved in rehabilitation, operation,

and maintenance that may be incurred in upgrading present main tracks

to support very high sustained speeds above 80 mph.

An advance report, in two parts, was published in Bulletin 629, Sep-

tember-October 1970. Part 1 deals with basic mechanical considera-

tions. Part 2 is a special report on high-speed rail transportation written

by W. B. O'SuUivan of the Federal Railroad Administration. The pro-

posed report on locomotive horsepower requirements is still undergoing

review and revision.

The Committee on Economics of Railway Location and Operation,

Thomas J. Lamphier, ChaitTnan.

AREA Bulletin 630, November-December 1970.



Report of Committee 20—Contract Forms

C. W. COLBORG

J. K. Christensen

P, J. Freeman

E. E. Zacharias

J. P. Van Hoorebeke

R. M. Mason
L. V. Bowers

J. C. Britt

J. F. Bruckner, Jr.

R. F. Correll (E)

A. B. Costic

\'. G. DONLIN

J. T. Evans
C. W. Farrell

A. P. Fish

W. T. Hammond
E. M. Hastings, Jr.

R. C. Heckel
S. O. Heckman

W. P. Houwen, Jr.

F. M. Jones

O. E. Knox

J. S. Lillie (E)

D. F. Lyons

J. T. McAndrew
C. G. Nelson

G. W. Patterson (E)

J. L. Perrier

R. M. RxnJDicK

C. W. Smith

D. R. Stewart

W. R. Swatosh (E)

W. B. Tittsworth, Jr.

J. R. Vecchio

P. P. Wagner, Jr.

E. E. Williams
Committee

E. A. Graham,
Chairman

R. W. Humphreys,
Vice Chairman

W. F. Burt, Secretary

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the Anjerican Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

No report.

1. Form of agreement for trackage located in industrial parks.

A. draft of agreement has been prepared which needs certain revisions.

The committee will continue to progress the assignment.

2. Form of contract (short form) for miscellaneous work.

A draft of agreement has been prepared which needs certain revisions.

The committee will continue to progress the assigmnent.

3. Form of agreement for filling, grading or disposing of waste materials on

company property.

The subcommittee will continue actively to progress this assigrmient.

4. Form of agreement for emergency work.

The subcommittee will continue actively to progress this assigmnent.

5. Bibliography on subjects pertaining to contract forms.

Progress report, presented as information page 168

The Committee on Contract Forms,

E. A. Graham, Chairman.

AREA Bulletin 630, November-December 1970.
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168 Contract Forms

Report on Assignment 5

Bibliography on subjects pertaining to contract forms

R. M. Mason (chairman, subcommittee), L. V. Bowehs, J. F. Bruckner, W. F.

Burt, A. B. Costic, J. T. Evans, A. P. Fish, E. A. Graham, E. M. Hastings,
Jr., S. O. Heckman, R. W. Humphreys, F. M. Jones, D. F. Lyons, R. M.
RuDDiCK, C. W. Smith, J. R. Vecchio, P. P. Wagner, Jr., E. E. Williams.

Your committee submits the following annotated bibliography as information:

Engineering News-Record, August 7, 1969, "Subcontractor Wins Suit Over Extras."

"Contractor Recovers Interest."

Engineering News-Record, August 14, 1969, "Arbitration Award—Lack of Impar-

tiality is Enough to Void Decision." "Implied Contract Allows Contractor to

Recover."

Engineering News-Record, September 4, 1969, "Vandalism E.xcused a Delay."

Engineering News-Record, September 25, 1969, "Filing of Miller Act Claim was
Timely." "Recovery Allowed For Work Done."

Engineering News-Record, March 13, 1969, "A-E's Fee Was Set." "Owner War-
rants Adequacy of Plans Contractor Uses." "Acceptance Not Final and Con-
clusive." "Guaranty Survived Approval."

Engineering News-Record, March 27, 1969, "Painter Takes Fiftli, Pacts Dropped."
"Impact Costs Not Recoverable." "Good Workmanship Does Not Require Extra

Work."

Engineering News-Record, April 10, 1969, "Errors in Contract."

Engineering News-Record, April 17, 1969, "Owners Acceptance." "Delays by a

Sub's Sub Excused Prime Contractor." "Contractor's Liability Limited to Work
He Bid."

Engineering News-Record, May 22, 1969, "Cash in Lieu of Bid Bond Not Entitled

to Interest." "Pay for Extras Not Keyed To Written Authorization."

Engineering News-Record, December 4, 1969, "Responsibility for Work not Detailed

in Drawings." "Contractor Loses Poor Borrow Pit Claim." "Bid Lost Because

of Addendum." "Paid for Changed Conditions."

Engineering News-Record, January 1, 1970, "Liquidated Damages." "Contract

Clause To Be Reasonably Interpreted." "Contractor Loses Claim for Its Over-

time Costs." "Court Denies Lien." " 'No Damage' Clause.

"



Report of Committee 9—Highways

R. E. Skinner,
Chairman

K. E. Wyckoff,
Vice Chairman

C. A. Christensen,
Secretary

M. A. WOHLSCHLAECER
C. L. HOLMAN
L. T. Cerny
H. L. Michael

J. M. LOWRY
D. J. Moody
T. P. Cunningham
C. I. Hartsell
R. D. Pamperl
F. N. Barker
H. J- Barnes

J. M. Bates
W. A. Buckmaster
W. B. Calder
A. L. Carpenter

J. W. Cruikshank
F. Daugherty
R. Dejaiffe
V. G. DONLIN
W. E. Free
Wm. J. Hedley ( E

)

J. A. Holmes
P. G. Jefferis, Jr.

A. J. Knobloch
T. H. Kruttschnitt, Jr.

T. D. Livingston
R. V. LOFTUS
R. F. MacDonald
R. A. Mather
R. W. Maler
R. L. Mays
E. S. Miller
J. C. Miller
H. G. Morgan ( E

)

D. G. Newnan
R. E. Nottingham (E)
W. C. PiNSCHMIDT ( E

)

J. E. Reynolds
H. A. Richards
P. A. Shuster

J. E. Spangler
R. F. Spars
W. S. TiTLOw, Jr.

J. M. Trissal

"S. C. Walker
W. E. Webster, Jr.

J. L. Whitmeyer
H. J.

WiLKINS
H. L. WOLTMAN

Comynittee

(E ) Member Emeritus. . ,

Those whose names are shown in boldface, in addition to the chairman, vice chairman ana

secretar>-, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

No Manual revisions are recommended this year.

1. Roadbed stabilization for highway-railway grade crossings, collaborating

with Committee 1.

Progress report on one example of stabilization submitted as infor-

mation P'^ge 171

2. Merits and economics of prefabricated types of highway-railway grade

crossings.

Report on concrete slab crossings submitted as information page 17-

3. Merits of various types of highway-railway grade crossing protection,

collaborating with Communication and Signal Section, AAR.

Additional reports on various publications and papers related to this

assignment and a summary of safety merits of Protection Devices sub-

mitted as information P-ige 173

Note—Discussion on subcommittee reports herein closes on January 18, 1971.
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170 Highway s

4. Merits and economics of marking and signing grade crossings.

Progress report on activities in this field submitted as information .... page 177

5. Extent of use and effectiveness of highway-type stop signs at highway-
railway grade crossings.

Your committee has made a number of studies of "stop sign" crossings

and has concluded that for certain low vehicular volume crossings these

signs are very effective, provided the requirement to stop is enforced by
the police and the courts. Since we do not expect to develop much addi-

tional infonnation and further reports can be made under other assign-

ments, your committee recommends this assignment be discontinued.

6. Air rights for highways over railroad property.

No report is submitted for publication this year.

7. Conduct study with the view toward developing alternate types of

automatic crossing protection, collaborating with Communication and

Signal Section, AAR.

Progress report on new types of protection for highway-railway grade

crossings submitted as information page 178

8. Investigate uses and types of rumble strips and their adaptability for

approaches to highway-railway grade crossings.

Progress report on two highway rumble strip installations submitted as

information page 180

The Committee on Highways,

R. E. Skinner, Chairman.

AREA Bulletin 630, November-December 1970.



Highways 171

1^. m. ma\bvii\)t

1922=1970

H. W. Walbright, 48, a member of AREA and of Committee 9 since 1960, and
chairman of Subcommittee 4 since 1966, died on May 19, 1970. He is sur\'ived by
his wife, Audrey; a daughter, Lynn; and a son, PhiUip, of Portsmouth, Ohio.

A native of Portsmouth, Mr. Walbright was bom on May 2, 1922. He attended

Portsmouth PubUc Schools and completed two years of civil engineering courses at

Ohio University.

Mr. Walbright started his railroad career on January 29, 1947, as an axeman

with the Norfolk & Western Railway at Portsmouth. On September 1, 1958, he was

promoted to crossing engineer at Roanoke, Va., and on February 1, 1965, he became

pubhc projects engineer. On November 1, 1965, Mr. Walbright was elevated to the

position of division engineer at Roanoke, being transferred to Portsmouth as division

engineer on November 1, 1966. He remained in this position until his decease.

A civic leader in his community, Mr. Walbright served on the Junior Chamber

of Commerce of Portsmouth, and on the Portsmouth Planning Commission.

In his personal and professional life, he was a man of the highest character,

always giving the best of which he was capable.

R. D. Pamperl,

Memorialist.

Report on Assignment 1

Roadbed stabilization for highway—railway grade crossings

C. L. HoLMAN (chairman, subcommittee), A. L. Carpenter, L. T. Cerny, V. C
DoNLiN, W. E. Free, T. D. Livingston, R. D. Pamperl, J. E. Reynolds, P. A.

Shuster, W. S. Titlow, Jr.

There are several methods of stabilizing the roadbed for highway-railway grade

crossings, including the use of asphalt, cement or lime. Subsurface conditions and

drainage must be considered in any indicated corrective action.

One example of stabilization by the use of asphalt is a crossing of the Atchison,

Topeka & Santa Fe Railway in Santa Fe, N.M., reconstructed in 1964. The railroad

crosses diagonally through the intersection of Cerrillos Street and St. Francis Drive,

the crossing being 325 ft long. The average daily rail traffic is eight trains, wnth a

maximum speed of 20 mph. The average daily vehicular traffic is 25.000. witJi a

maximum speed of 35 mph. The old solid timber crossing was die source of com-

plaints by a number of motorists and was very difficult to maintain both for vehicular

and rail traffic.

The crossing was reconstructed by excavating to a depth of 6 inches below thf>

bottoms of the ties and the earth material compacted to 9515 relative compaction

with a sheep's foot roller. Three 2-inch layers of asphaltic concrete, 10 ft wide. wer<'

placed on the prepared earth with each layer being compacted with a 10-ton roller

Grade stakes were placed on 10-ft centers on each side of ths excavation. Sawn

hardwood ties of uniform depth were placed directly on the asphaltic concrete and
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the tie cribs filled with volcanic cinders and compacted. It was not necessary to

surface or spot raise the track. Solid timber crossing planks were installed, with

asphaltic concrete placed in the flangeways. There were 110 tons of asphaltic con-

crete used in this crossing.

This grade crossing has now been in sei^vice for six years and is in excellent

condition witliout any expenditure for maintenance.

Infomiation on other metliods of roadbed stabilization will be submitted in future

reports.

This is a progress report, submitted as information, with the recommendation

the assignment be continued.

Report on Assignment 2

Merits and economics of prefabricated types

of highway—railway grade crossings

L. T. Cerny (chairman, subcommittee), W. A. Buckmaster, A. L. Carpenter, T. P.

Cunningham, R. Dejaiffe, W. E. Free, C. I. Hartsell, Wm. J. Hedley,
T. D. Livingston, R. V. Loftus, J- M. Lovvtiy, R. L. Mays, E. S. Miller,
R. E. Nottingham, R. D. Pamperl, P. A. Shuster, W. S. Titlow.

In 1967 your committee reported on the use of concrete slab crossings in the

City of Edmonton, Alta., Can., dealing with installations made in 1959 and 1960.

The Canadian Good Roads Association published, in April 1970, a report on

Edmonton's experience with these slabs for the 10-year period 1959-1969. This

report, entitled "Precast Concrete Rail-Highway Grade Crossings," Technical Publi-

cation No. 38, is available through the Canadian Good Roads Association, 875 Carling

Avenue, Ottawa 1, Ont., Can. This publication also includes detailed plans and

step-by-step construction photographs.

Starting with one installation in 1959 and eight in 1960, tliere are now 90

such installations in Edmonton and 24 in other Canadian cities. The slabs are pre-

cast reinforced concrete with 2-inch steel channels around the top edges. The normal

installation has a single center slab 47 inches wide between the rails and a I5?i-inch

slab on the outside of each rail.

On curved tracks and for special situations, three of the 15/4-inch slabs are used

between the rails. The slabs are 6 ft or 9 ft long and are eitlier 5/1 or 6/8 inches

thick, depending on the weight of rail. The outside slabs weigh from 483 to 780 lb

and the center slabs from 1449 to 2530 lb, depending on the thickness and length.

The Edmonton report states that the rocking and breaking problem usually

associated with concrete slab crossings has been solved by the use of an arched-

bottom design which allows only certain areas of the bottom of the slab to contact

tlie cross ties or shims. In addition, each slab is fastened to the ties by two or more

lag screws with spring washers under the heads.

The original cost of these crossings ranged from $25 to $55 per track foot. In

the 10 years reviewed, very little, if any, maintenance has been required. Included

In the installations requiring no maintenance (other than routine servicing) is a

9-year-old crossing witli 23,000 vehicles per day, an 8-year-old crossing with 16,300

vehicles per day, and a 10-year-old crossing with 18,500 vehicles per day. The

servicing that has been required involved refilling the small gaps between the slabs
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with hot asphalt e\'ery 2 years and spraying the slabs \\'ith a varsol-linseed oil to
prevent spalling. Where some spalling had occurred on other crossings, the slabs
were resurfaced in place using an epoxy product. The report states that this should
extend the life of the crossing from 5 to 8 years.

According to the report diese crossings have the following advantages: ease of
manufacture, installation and rail renewal, longer life, salvagability and high degree
of public satisfaction. The life of these crossings are now estimated at about 20
years.

This report is submitted as information with the recommendation that the sub-
ject be continued.

Report on Assignment 3

Merits of various types of highway-railway
grade crossing protection

H. L. Michael (chairmaii, subcommittee), T. H. Kruttschnitt (vice chairman sub-
commtttee),¥. N. Barker, W. B. Calder, A. L. Carpenter, C. A. Chhisten-SEN V G. DoNLiN, W. E. Free, C. L. Holman, J. A. Holmes, P. G. Jefferis
J. M. LowRY, J. C. Miller, R. E. Nottingham, R. D. Pamperl H A Rich-
ards, J. E. Spangler, W. S. Titlow, J. L. Whiti^ieyer, H. J. Wilkins' H LWOLTMAN. 'J , . .

As in each of the past few years, several reports related to the assignment of
this subcommittee have been released during the past year. The subcommittee, as
part of its activities, reviewed these reports and submits below a summary of im-
portant information relative to its assignment from three of them. It also presents a
summary of tlie safety merits of currently used crossing protection de\'ices.

BEFORE AND AFTER REPORT OF ILLINOIS COMMERCE COMMISSION

The Illinois Commerce Commission reported on accomplishments from use of
the grade crossing protection fund establi.shed by the Illinois Legislature in 1955.
The report noted that from 1955 through 1968 the Fund had contributed to the
cost of placing modem warning signal devices at 532 Illinois railroad-highway grade
crossings where the signals had been inservice 12 months or more. The tabular
listing which follows (see next page) compares the number of accidents, fatalities
and injuries which have occurred since installation of the new protection with the
number of accidents, fatalities and injuries which occmred in a like period prior to
installation of the new protection.

The crossings are located throughout the State of Illinois and the "Before"
protection at each of the crossings was the standard crossbiick. The reductions in
accidents, fatalities and injuries are substantial and are an indication of the safety
merits of the "After" types of highway-railway grade crossing protection shown.
Inasmuch as the degree of hazard was not the same at crossing in each group in the
tables, the reduction percentages for the several t>'pes of protection devices are not
comparable.

Bui. 630
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Type of Protection Installed
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than just the crossbuck, they result in much delay to motorists, an increase in rear-

end vehicular accidents on high-volume roads, and are claimed by many to result

in increasing disrespect for the stop-sign method of vehicular control. If one places

a value on tlie time lost by motorists in stopping at stop-sign-controlled grade cross-

ings, few grade crossings would warrant this t>T3e of control.

The type of protection to be installed at a crossing, however, should not be
based solely on the probability of accident reduction. The costs of installation and
maintenance of flashing lights and automatic gates are considerable, and limited

funds are available for upgrading crossing protection. These facts require that a

decision to change the type of protection at a railroad-highway grade crossing must

be based on a total analysis of the economics of such an action. Such an analysis

requires an estimation of the benefits to be expected at a crossing and an evaluation

of the costs of installing and maintaining the higher type of protection.

The major factors influencing the benefits to be received are those which affect

the probability of almost simultaneous arrival at the crossing of a vehicle and a

train. Major factors are the volmnes of train and vehicular traffic using the crossing.

Another factor which may influence benefits is very poor visibility for motorists of

trains approaching a crossing. Such a condition may make the provision of active

types of protection desirable. It is also generally recognized that automatic gates

with flashing lights are desirable at crossings where both vehicle and train volumes

are high and two or more tracks provide a probability that two trains will approach

the crossing at nearly the same time.

The economic analysis of the benefits and costs of improving grade crossing

protection requires good data on expected accidents and costs of improvements and

maintenance, and proper use of techniques of analysis. An example of such an analysis,

including difficulties encountered and advantages resulting, is given in the Proceed-

ings, National Conference on Rail-Highway Grade Crossing Safety, February 11-13,

1969, in a paper titled "A Preliminary Economic Analysis of 123 Railway Grade

Crossings Using EEP-16 and NCHRP 50 Techniques," by Donald G. Newnan.

A PROGRAM DEFINITION STUDY FOR RAIL-HIGHWAY GRADE CROSSING IMPROVEMENT,

A REPORT PREPARED FOR THE FEDERAL RAILROAD ADMINISTRATION

The vast number of crossings in the United States which are candidates for

increased protection and the limited availability of resources for such improvement

necessitate that evaluations of grade crossing protection improvements for iudi\idual

crossings should be done as part of a program which has evaluated all crossings.

The Federal Railroad Administration in recognizing the soundness of this approach

contracted with Alan M. Voorhees and Associates for the preparation of a national

program of policy formulation, program administration and research in the area of

highway-railroad grade crossings. The resulting report, dated October 1969 and

titled "A Program Definition Study for Rail-Highway Grade Crossing Improvement."

has been released by the Federal Railroad Administration with the notation tliat the

contents do not necessarily reflect the views or policy of the Department cf Tr.ins-

portation and that the report is not a standard, specification or regulation.

The report is an important one, however, and provides a good owr;," \:ow

of the current grade crossing protection situation. As it is of interest to iim:; ,i.
: .ons

in the railroad profession, a brief summary of its contents and some ; .<p! ai ;for>'

comments on a few of its findings are presented in the following n.ir
.

- ,
,1,..

abstract of the report is as follows:
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"This study describes in general terms the present status of grade cross-

ing inventories, improvement programs and other significant considerations.

It identifies available information with respect to the cost of accidents and

motor vehicle operations, as well as the preparation of estimates of the ninn-

ber of crossings in classes related to the volume of train movements and the

volume of vehicle traffic. From these estimates, the number of crossings at

which improvements would yield benefits in excess of costs was estimated,

together with the reduction in accidents which those improvements could be

expected to bring.

It develops a five-year program of study related to policy formulation,

program administration and research; also, it identifies and describes projects

which can be initiated as action programs, research and special studies. This

includes a recommended program to correct data deficiencies and develop

a comprehensive information system."

One portion of the report that may cause confusion to readers of the report is

that concerned with stop signs at crossings. In their detemiination of crossings which

warrant improved grade crossing protection, every current crossing at which stop

signs are located is shown to warrant a change to at least flashing light signals. This

finding is the result of an arbitrary decision by the authors of the report that no

current crossing protection would be decreased. With this decision and the high costs

accruing to all motorists stopping at stop signs (delay costs), the economic analysis

perfonned by the authors resulted in the finding that the installation of flashing

light signals or better was economically justified. Such installations, however, might

not be as realistic and desirable from a safety standpoint as installation of such de-

vices at other crossings with only a crossbuck.

The Appendices of the report are concerned with economic factors involved

and economic analysis techniques employed. Although generally adequate, some

disagreement with the detailed discussions and evaluations of the several techniques

available does exist. A careful study of the report by individuals knowledgeable in

economic analysis is encouraged.

AREAS FOR PROPOSED RESEARCH

Improvement of railroad crossing protection devices is, of course, still a very

fruitful area for research, and research in this area is continuing. A Task Group of

the Highway Research Board's Committee on Traffic Control Devices explored this

area in 1969 and in January 1970 prepared a report on areas for further research

and development. This group concluded that present protection devices, by making

use of the visual channel of communications only, have serious limitations. They

note that the tasks of driving are demanding; that communication via the visual

channel must compete with many other signs, signals and tasks; that environmental

conditions of fog, rain and snow cause further communication difficulties; that fogged

windows and headlight glare further compound the problem; and that the motoring

public does not have great respect for existing crossing protection devices.

The group noted recent progress in electronic highway-motorist communica-

tion systems and the trend in research to tlie use of displays within the vehicle of

information required for electronic route guidance (ERGS), passing assistance, and

other applications. The concluding paragraph of their brief report is as follows:
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"The on-board, in-vehicle display of information relative to railroad

crossings would overcome most, if not all, of die objections raised earlier in

this report concerning present railroad crossing protection devices. Research

is needed to investigate the possible application of electronic highway-

motorist communications for railroad crossing protection. Such a research

project should include a determination of the information to be displayed,

the type of display to be used, and the method of operating the conununi-

cations system. A variety of messages could be communicated depending on

conditions at the railroad crossing. Considerably more flexibility and effective-

ness would e.xist with such a system than presently exists with current rail-

road crossing protection devices."

CONTINUATION OF ASSIGNMENT

This report includes a summary of the safety merits of the \'arious types of

highway-railway grade crossing protection, the assignment of this subcommittee.

The continuing research and interest in this assignment and the probability of early

development of new protection systems and devices, however, forces the subcom-

mittee to propose continuation of the assignment. Continuation will permit the moni-

toring of these developments and evaluation of the merits of any resulting devices

or systems.

This is a progress report submitted as information with the recommendation the

assignment be continued.

Report on Assignment 4

Merits and economics of marking and signing

grade crossings

J. M. LowRY (chairman, subcommittee), H. J. Barnes, F. Daugherty, J. A. Holmes,
P. G. Jefferis, R. F. MacDonald, R. L. Mays, R. W. Mauer, D. J. Moody,
R. E. Nottingham, H. A. Richards, R. F. Spars, S. C. Walker, J. L. Wiirr-

MEYER, H. J. WiLKINS, H. L. Woltman.

Considerable interest has been shown in the Alan M. Voorhees & Associates,

Inc.'s report "A Program Definition Study for Rail-Highway Grade Crossing Im-

provement" of October 1969 prepared for, and at the request of, the Department of

Transportation. This report is recommended reading for all who are interested in

this subject.

The Voorhees' study assigns values to the \arious types of grade cro.ssing

protection devices in such a manner as to permit comparison of the economics be-

tween such devices and with grade separations. One of the interesting points made

in tlie study is the high cost of mandatory stop signs at grade crossings due to the

value of motorists' time and vehicular delay. This fact emphasizes that the m'c of

stop signs at grade crossings should be restricted to crossings with low \'I.ieular

\olumes and high hazard due to inadequate sight distance and other factoni.

Highway and railroad engineers are showing an increa-sing interest in P'^'^'«'^'^

warning markers and devices as early indicators of a grade cro-ssing. Tli.rr ; ;'ood

reason for this interest. The Department of Transportation, Federal Railroac vur.un-

istration, Bureau of Railroad Safetv Bulletin for the year ending Dec-ember 31, 1969,
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presents statistics showinji that for the years 1966 throiij^h 1969 one-third of the

highway-railway accidents invoK'ing motor vehicles were caused by motor \ehicle

striking the side of train (see Table 2, Page 8). This is a clear indication that the

driver of a motor vehicle needs to be "awakened" before he is so near an occupied

crossing he is unable to stop.

"Rumble strips" have been used effectively for advance warning on some high-

ways. These strips must be placed far enough ahead of the crossing to alert the

driver in sufficient time to stop before occupying the crossing area. Another effective

advance warning is the painting of a large, elongated, reflectorized "X" on the

pavement of die approach lanes to the crossing. Advance warning signs of standard

design are also required by the Unifonn Manual on Traffic Control Devices. Such

standard advance warning signs are used effectively with "rumble strips" and the

elongated "X" on the pavement with automatic signals or crossbucks. The Proceed-

ings of the 1969 "National Conference on Rail-Highway Grade Crossing Safety"

co-sponsored by the Highway Research Board and tlie U.S. Department of Transpor-

tation, illustrates the use of various types of advance warning methods, singly or in

combinations.

Marking and signing grade crossings should and will continue to receive the

attention of safety engineers. Because it is the least expensive of crossing protective

devices, this method will continue in prominent use for the foreseeable future.

This is a progress report, submitted as information with the recommendation

that the assignment be continued.

Report on Assignment 7

Conduct study with the view toward developing alternate

types of automatic crossing protection

C. I. Hartsell (chairman, subcommittee), F. N. Barker, H. J. Barnes, W. B. Cal-
DER, T. P. Cunningham, V. G. Donlin, W. E. Free, Wm. J. Hedley, C. L.

Holman, p. G. Jefferis, R. F. MacDonald, H. L. Michael, E. S. Miller,

J. C. Miller, R. D. Pamperl, J. E. Reynolds, H. A. Richards, J. E. Spangler,
R. F. Spars, W. S. Titlow, H. L. Woltman.

GREEN LIGHT TYPE CROSSING PROTECTION

Two railroads, at the suggestion of the Indiana Public Service Commission,

have "green light type crossing protection" at 27 highway-railway grade crossings

in the State of Indiana.

There are two variations of the protection, as follows:

1. (See Fig. 1). The regular crossbuck sign supplemented with a highway

traffic "STOP" sign installed on each side of the crossing with an additional

sign reading "When Light Is Out." Adjacent to tlie "STOP" sign is an 8-ft

mast with back-to-back traffic light imits with green lenses. The green

light is tied to the railroad's APB block system circuits. The traffic light

heads utilize 67-watt 120-volt bulbs displaying a green light to motorists

approaching the crossing, provided no train has preempted the XR relay.
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Fig. 1

On approach of a train, the ivlay is de-energized and the green light is

extinguished. The cost of the instalhition is less than $1,000. This installa-

tion is not considered "fail safe." Further, the "Creen Light" stays ofl" longer

than necessary on account of the length of the .\PB block.

2. The second style consists of a 13-ft 3Ji-inch mast with a standard crossJMick

near the top of a 4-inch pipe post. Iinniediatel>- below the crossbuck is a

sign reading "If Cireen Light Is Out." Next below is an HC-81 signal unit

with green lens. Next below is an HC-81 signal luiit with red lens. The

bottom unit is a sign reading "Look Out For Trains" located 53 inches

aboxe the foundation for the mast. This system has starting track circuits
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3857-ft and 4820-ft lonj?. The cost of this installation was over $8,000.

Basically, the installation is a standard flashing-light signal system with

different hardware.

The two types of crossing protection are being used at low highway traffic

density rinal roads, at crossings with poor sight distances and at private crossings.

There has been a decided improvement in the accident records at tliese crossings.

The travelling public has not only expressed appreciation for the added protection

but has also requested many of the 27 installations.

MISSOURI BLINKING-LIGHT

In Bulletin 609, November 1967, your committee reported on the test installa-

tions on four railroads of the "Electric Railroad Crossing Signals" by order of the

Missouri Public Service Commission.

The original 150-watt lights were reduced to 100 watts by order of the Public

Service Commission late in 1967 as a result of complaints that the lights were too

bright.

The 20-year accident record at these four crossings prior to the installation of

the "blinking lights" reveals eight separate accidents resulting in 8 fatalities and 12

persons injured. There have been no accidents since the installations were completed.

It appears that there has been confusion in the meaning of these signs. Experi-

ence indicates that an improvement could be attained by burning the beacons at

higher voltage during the day than at night, which would necessarily require the

addition of resistors, relays, photoelectric cells and other equipment.

This is a progress report, submitted as information, with tlie recommendation

the assignment be continued.

Report on Assignment 8

Investigate uses and types of rumble strips and their

adaptability for approaches to highway-
railway grade crossings

R. D. Pamperl (chairman, subcommittee), W. A. Buckmaster, W. B. Calder, L. T.

Cerny, R. Dejaiffe, C. I. Hartsell, J. A. Holmes, A. J. Knobloch, T. H.
Kruttschnitt, R. V. Loftus, R. F. MacDonald, H. L. Michael, E. S. Miller,

J. E. Reynolds, P. A. Shuster, H. J. Wilkins.

Your committee continues to inspect rumble-strip installations on highways and

at highway-railway grade crossings in carrying out its assignment.

Traffic engineers of several midwest and southeastern states were contacted by

members of the committee to discuss with them their experience with rumble-strip

installations on state highways. It was indicated that for short periods of time after

tlieir installation there was a significant reduction in the accident rate. However, it

is feared that after these installations have been in service for some time, the accident

rate will return to approximately the same frequency as was experienced prior to

construction of the facility.
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Generally speaking, highway engineers do not favor rumble strips as advance

warning devices to motorists on approaches to railway-highway grade crossings.

Although the subject is controversial, some engineers are making efforts to install

test facilities at railway-highway grade crossings.

The behavior of a motorist negotiating a rumble-strip installation inHuences the

obser\er to conclude that this type of advance warning does alert the motorist to a

hazard ahead. It develops, then, that tlie important factors in the application of

rumble strips at railway-highway grade crossings are primarily their design and use,

the latter factor being the hardest to develop since there are few test installations

in existence today at railway-highway grade crossings.

To exemplify the importance of design of rumble strips as advance warning to

motorists approaching a hazard, the committee cites two installations on highways

that were inspected by some of its members, one at Rogersville, Tenn., and the other

at Litchfield, 111.

Rogersville, Tenn.

.At Rogers\ille rumble strips were installed in the eastbound lane of U.S. Route

11-W Bypass. The highway is undivided and surfaced with an asphaltic concrete

t\'pe of surfacing material. U.S. Route 11-W has a maximum posted speed limit of

55 mph. The purpose of this nimble-strip installation is two-fold:

1. To warn eastbound traffic of the approaching danger at the "T" inter-

section of S. R. 70 with U.S. Route 11-W Bypass. The intersection is

formed by a connector ramp from Route 70 to the east and westbound

traffic of U.S. 11-W.

2. To warn eastbound traffic of the extreme curvature in tlie highway's align-

ment just east of the "T" intersection of Route 70 and 11-W. The ap-

proved speed to the sharp curve in the highway \'eering to the right is

25 mph.

There are three rumble-strip installations at 200-ft intervals in advance of the

intersection. These installations consist of seventeen 1- by 6-inch strips of asphaltic

materials applied to the pavement surface and spaced on 11-inch centers.

Obser\ation of the motorists' behavior at this facility indicated that the rumble

strips alerted the motorist to the danger aliead but the rough riding qualities of the

strips aggravated the driver. Motorists were observed driving on the shoulder or in

the opposing traffic lanes to avoid the rumble strips.

It was concluded that these strips were too rough and, therefore, imdesirable.

Litchfield, III.

At Litchfield rumble strips were installed in the northboimd and .soutliijoiuid

lanes of U.S. Route 66. The highway is divided and posted for maxinnnn spf.xis

of 65 mph. The purpose of the runil)le-strip installation is to warn the motorist tii.it

he must reduce his speed to 45 mph when approaching the signalized intersecllou

of State Route 16.

There are two rmiible-strip installations at 275-ft intei-vals on the high^^'ay

approaches to this intersection. The installations con.sist of sixteen li- by fv.iuh

adhesive strips applied to the paved surface and spaced on 14Ji-inch centers. The

strips span the entire width of the pa\ed traffic lanes.
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Observation of the motorists' behavior at the facihty indicated that the strips

alerted the motorist to the oncoming intersection. The motorist showed no signs

of being aggravated when passing over the rumble strips.

There was no indication of motorists trying to avoid these rumble-strip installa-

tions and, therefore, it was concluded that the design of the strips was more desirable

than those at Rogersville.

The committee will continue to inspect rumble-strip installations at highway

intersections or at highway-railway grade crossings whenever and wherever they

are reported, and a subsequent report will be furnished the committee at the

appropriate time thereafter.

This is a progress report, submitted as information, with the recommendation

the assignment be continued.
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Committee

( E ) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

No report.

1. Analysis of operations of railways that have substantially rcchiccd tin-

cost of construction and maintenance of way work.

Progress report, presented as information paRt' ^^"^

2. Economics of \arious types of highway-railway grade crossing installa-

tions, including full-depth timbers, planking, shallow blacktop, full-

depth blacktop (.3 to 6 inches below tie to top of rail), shallow con-

crete, full-depth concrete, cast steel and rubber, collaborating as necL'H-

sary or desirable with Committee 9.

Final report, presented as infonnation

Note: Discussion on subcommittee reports herein closes on January 18. 1971.
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3. Economics of head(jiiarters maintenance of way j^an^s versus floating

gangs in \'iew of recent arbitration awards.

Final report, presented as information page 201

4. Economics of double shifting where gang has heavy investment in

equipment.

No report.

5. Potential labor economies to be derived through the use of ad\anced

types of track inspection cars in formulating maintenance programs.

This subject to be discontinued for the time being.

6. Economies to be realized from the use of a two-rail method of laying

and picking up rail with a rail train versus the one-rail method being

used by a majority of roads.

No report.

7. Develop and recommend procedures for producing unit costs for main-

tenance of way work.

No report.

The Committee on Economics of Railway Construction

AND Maintenance,
R. W. Pember, Chairman.

AREA Bulletin 630, November-December 1970.

Report on Assignment 1

Analysis of operations of railways that have substantially

reduced the cost of construction and
maintenance of way work

E. R. Anderson (chairman, subcommittee), F. S. Barker, A. B. Cann, Jr., A. W.
Carlson, J. I. Casbeer, Jr., W. E. Laird, H. C. Minteer, R. W. Preisendefer,

F. L. Rees, M. S. Reid, G. E. Scholze.

The following report of an inspection made on June 23, 1970, of the Burling-

ton Northern, Inc.'s (Great Northern) line change in Montana between Stryker

(approximately 30 miles northwest of Whitefish) and Jennings (approximately 15

miles east of Libby) is presented as information.

INTRODUCTION

Libby Dam and Reservoir on the Kootenai River in Northwestern Montana is

under construction in the interest of flood control, power generation, recreation and

related water uses.

The Kootenai River rises on the western slopes of the Rocky Mountains in

Southeastern British Columbia. It Hows south into Montana then north and west into

British Columbia to meet the Columbia River.
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Libby Dam under construction 3.5 miles north of Jennings along old main line.

The dam will rise about 420 ft above bedrock, be 3,055 ft long at the crest,

and will include a hydropower plant with an initial installation of three 105,000-

kilowatt generators and pro\'isions for future additional units. The reservoir, with

gross storage capacity of 5,850,000 acre-ft, will be 90 miles long, backing water 42

miles into Canada, approximately 5 miles upstream from Wardner, British Columbia.

The noniial full-pool elevation at the dam will be 2,459 ft aliove mean .sea level

and the minimum elevation will be 2,287 ft.

Within the United States, construction of the dam \\'ill recpiire relocation of

about 60 miles of Burlington Northern's main trans-continental line, 52 miles of Mon-

tana State Highway No. 37, 50 miles of Forest Service roads, and utilities and ser\'-

ices affected by the reservoir. In Canada, a few comnnmities, roads, and sections

of a railroad will be affected by the resei"voir.

The total cost of the project will be about $349,000,000 based on 1964 prices.

LINE CHANGE PLANNING

In 1961, after Congress ratified a treaty with Canada relating to international

cooperation in water-resource development of the Columbia Ri\er Basin, the Corps

of Engineers advised the Railway Company that all engineering work for the Libby

Dam Project, including relocation of the railroad, was to proceed. After considering

eight possible routes, four were .selected for preliminary in\estigation, designated as

follows:

Route No. 1, Stryker-Jennings 1% Route

Route No. 2, Reservoir Route
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Route No. 3, Cood Creek 1% Route with 12-Mile Tunnel

Route No. 4, Fortine Creek—Five Mile Creek Route

After completion of preliminary engineering and a joint inspection and review,

further consideration to Routes No. 2 and No. 4 was discontinued for the following

general reasons:

Route No. 2—Difficult terrain and materials and substantially higher cost of

construction.

Route No. 4—Unstable and poor soil in Five Mile Creek Valley, poor soil and

location above and along the reservoir from Warland to the dam, steep grade in

tunnel, and substantially higher cost of construction.

The Corps wished to consider only Route No. 1, because of indications that it

would be tlie lowest cost satisfactory replacement route, but the Railway asked for

continued study also of Route No. 3, because its substantially shorter length would

help compensate for undesirable features of all feasible routes, such as 1% grades,

higher summit elevations, greater annual operating and maintenance costs, operating

time for traffic, etc.

After further economic and engineering study in 1962, Route No. 1 was selected.

GEOLOGY AND TOPOGRAPHY

The terrain along the new line is steep, rugged and heavily forested. Most

mountain peaks are between 5,000 and 6,000 ft above sea level and the valley floors

range from 2,000 to 4,000 ft. Fortine Creek, Tobacco River, Wolf Creek and Fisher

River, all tributaries of the Kootenai River, are the principal streams. The area is

very sparsely populated, with few settlers and no towns or villages along the route,

although the area is served by Forest Service and logging roads.

Normal annual preciptation in the vicinity of Jennings is 19 inches and mean

snowfall is 57 inches, with correspondingly greater amounts at higher elevations.

Temperatures vary from a high of 109 F to a low of —46 F with a mean annual

of 44.9 F.

Sedimentary rock is most prevalent in this area although a few igneous intrusions

occur in scattered localities. The sedimentary rock is largely composed of quartzites

and argillites with considerable variations of numerous bedding planes. The rock

also has several well defined jointing patterns and contains many faults which

present problems in obtaining stable cuts.

The area was largely covered with ice during the Wisconsin stage of the Cordil-

leran Ice Sheet and many of the valleys were covered with ice 3,000 ft deep or more.

As a result of the glaciation, much of the area is covered with glacial till, drift,

ground moraine, lacustrine stratified silts and clays. The fine-grained silts and clays

presented many problems during construction as large amounts of this material were

too wet for constructing the roadbed. Many areas required special designs to improve

stability. Sands and gravels along the route were quite common, but because of a

high fines content, were unsuitable for use in concrete and marginal for other uses.

Several sources of quartzitic rock were found suitable for ballast and a metadiorite

sill (igneous fonnation) adjacent to the new line on the lower Fisher River was

selected for a ballast source.
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,01.1^ j»^^ A°

^—PRESENT LOCATION

'rexforo

PRESENT LOCATION
AND

PROPOSED RELOCATION

Comparison of Characteristics

LiBBY Line Relocation

Ruling Grade W. B.

Ruling Grade E.B
Line Change Distance
Total Length Tangent
Total Length Curves
Number of Curves
Maximum Curve
Total Central Angle
Maximum Elevation.
Total Rise W.B
Total Rise E.B

Present

0.25%
0.70%
73.88 Miles
47.43 Miles
26.45 Miles
108

4°24'

2899°

3295 Ft
19.46 Ft

1163.12 Ft

Proposed

1.00%
1.00%

59.35 Miles
43.18 Miles
16.17 Miles

37
2°24'

1218°

3693 Ft
449.60 Ft
1601.57 Ft

Difference

+ 0.75%
+ 0.30%
- 14.53 Miles

4.25 Miles
- 10.28 Miles
- 71
- 2°0()'

-1681°
+ 398 Ft
+ 430.11 Ft

+ 438.45 Ft
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Economics of Proposed Line Change Compared with Present Line Between
Whitefish and Troy, Mont.
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DESCRIPTION OF NEW LINE AND CONSTRUCTION PROCEDURES

I. Construction Facts

Grading:

Clearing 1,930 acres
Exca\'ation, unclassified 10,630,661 cu yd
Common borrow 5,394,373 cu yd
Embankment 13,218,230 cu yd
Sub-ballast 271,692 cu yd
Rock riprap 242,878 cu yd

Cuherts:

Total number 278
Total length 40,083 lin ft

Sizes 8 inch to 120 inch

Bridges: Number Total Length

Prestressed concrete, ballasted deck 12 2,071 ft

Steel beams, concrete ballasted deck 2 251 ft

Steel girder span, treated timber ballasted deck 1 127 ft

Steel span on timber pile, pile and timber
approaches 1 147 ft

Tunnel:

Total length 7 miles
Length, cut and cover section 1,655 ft

Excavation 783,423 cu yd
Rock bolts 516,464 lin ft

Support steel 13,582,294 lb

Reinforcing steel 6,791,968 lb

Concrete 207,220 cu yd
Tunnel drainage system ( 12-18" reinf. concrete) 75,209 lin ft

Embedded drain pipe system 13,890 lin ft

Average drilling progress per day 77 lin ft

II. Tunnel Construction Procedures

The tunnel was dri\en from one heading at each end of the tunnel, three 8-hour

shifts per day, six days per week. Major equipment at each heading consisted of a

60-ft-long Jumbo with four drill levels carrying eleven l?»-inch rock drills, one 5-inch

bum hole drill and four Jackleg l?»-inch drills for rock bolting. A IM-yd mucking

machine, 13-yd-capacity cars and 25-ton diesel locomotives were u.sed to handle exca-

\ation materials. A single-track 42-inch-gage (80 lb rail) railroad was constructed

for hauling muck and supplies. A sliding floor (418 ft long) was u.sed at the head-

ings and included trackage for operating the jumbo and nnicking machine. Wntila-

tion was provided by an overhead 46-inch fan line which delivered fresh air at the

rate of 38,000 cfm.

Concrete was mixed at each portal in a batch plant equipped with two 2-cu-yd

mixers with a capacity of 150 cu yd per hour. Agitator cars having a capacity of

6 cu yd were used to transport concrete into the timnel.

The error of closure, detennined after lioling through, was approximately 0.12

ft vertical and 0.41 ft in alinement.

Sequence of Operations:

1. Timnel excavation—full heading (drilling and mucking).

2. Set support steel or place rock bolts and wire mesh.

3. Pour concrete curb walls.

4. Pour tunnel invert.

Bui. 630
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East portal of tunnel.

5. Place embedded items (arch drains and conduits).

6. Place reinforcing steel.

7. Pour concrete lining by continuous-pour method.

8. Place internal drainage system and sub-ballast.

III. Tunnel Ventilation

Main Components:

1. Two 2000-hp fans, motors and auxiliaries. Fan capacity—562,000 cfm at

90 F, flushing sequence; 305,000 cfm at 90 F, ventilation sequence.

2. One 1750-kw diesel-electric generator set and aiLxiliaries, standby power
for one fan.

3. One 200-kw diesel-electric generator set and auxiliaries, standby power for

all other tunnel lighting and power requirements.

4. Portal gate machinery control equipment.

5. Electrical switchgear.

Operating Procedures:

Ventilation of die tunnel is required to provide four specific functions as follows:

1. Ventilation to provide a colmnn of air under an established pressure to

provide cooling of an eastbound train.

2. Flusliing—to remove fumes from the tunnel after passage of any train

travelling in either direction by the operation of two ventilating fans for

a fixed time interval of 18 minutes.

3. Purging—the removal of vapors aliead of an eastbound train just prior to

its reaching the east portal by operating one fan.
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4. Exhausting—tlie removal of vapors, contaminants and smoke from the tun-

nel by reversing the direction of flow through the fans.

5. Normal tumiel door position: closed.

Safety Features:

1. Fail-safe provision—in the event of a power failure tlie portal gate shall

be opened and the relief damper opened.

2. Portal gate interlock—portal gate to be interlocked with a track circuit

which shall positively de-energize the power supply to tlie clutch solenoid

whenever a train is within the track block section.

3. Abnormal tunnel pressures—the relief dampers shall be interlocked to

fully open when the tunnel pressure either exceeds a predetermined posi-

tive or becomes less than a predetermined negative value.

IV. Track Structure

Total length of main line 59.5 miles

Total length of secondary tracks 19.5 miles

Main Line rail section New RE 132 lb

Secondary track rail section Secondliand 112 lb

Main line turnouts ( 14 ) No. 20
( 2) No. 11

Secondary track turnouts (28) No. 9
Main line track welded 58.1 miles
Average length of welded strings 1,365 ft

Number of strings 456
Nvunber of welds 15,504
Welding process—electric flash butt welding
Total number of track ties (7"x9"-8J^' and 7"x8"-83^') . . 243,600 pieces

Primary ballast (inch 45,000 cu yd in stockpile) 195,000 cu yd
Secondary ballast (inch 30,000 cu yd in stockpile) 68,000 cu yd

Distribution of Main-Line Rail:

"A" Rail—Ends of strings (except tunnel)—On tangents between turnouts
—On tangents with grade of 0.3% or less—In turnouts

High Carbon Rail—On curves of 1° or more
—In the tunnel

No. 2 Rail—On tangents bet\\'een turnouts—On tangents with grade of 0.3% or less

No. 1 Rail—All other locations

Distribution of Ties:

No. 5 Hardwood—All curves on main track
—Ballast deck bridges
—Public crossings—^Tunnel

No. 5 Softwood—All other locations on main track and main sidings

No. 4 Softwood—All other tracks

Distribution of Rail Anchors:

Approximately 7488 anchors per mile for welded rail. Four anchors per tic for

144 ties each side of joint and foin- anchors per c\i'ry third tic on rcniaindi'!

of string.

Thirty-two anchors per 39-ft panel of jointed track.

V. Track Laying and Ballasting Procedures

1. Prepare sub-ballast by scarif\ing and blading.

2. Lay ties with contractor-designed tic distribution machine which places
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)

Tie distribution machine designed by contractor. It is approximately 12 ft wide by

90 ft long and weighs about 100,000 lb. As machine travels along subgrade, previously

distributed tie bundles are placed on the machine where tie plates are affixed to gage on

each tie with two anchor spikes per tie. There are approximately 14 men on the machine.
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The machine distributes the ties to exact spacing (some spacing was required after-

wards). The number of men on the machine and on the ground for tie distribution totals 22.
Production averaged 166 ties per hour. Two 10-hour shifts were worked each day.

tie plates to gage, drives 2 anchor spikes. Also, machine places ties on

grade to exact spacing. Rail temperature when laid must be 55 F to 75 F
except in tunnel and from 10° above ambient to not below ambient in

timnel.

3. CWR placed by using wide-axle straddle buggy.

4. Spike every fifth tie, move steel train ahead, then adjust ties, complete

spiking, apply anchors and realine track with autosled.

5. Dump initial spread of ballast, spread and compact to a 4-inch depth with

two passes of a contractor-modified autosled equipped with vibratory pan

compactors.

6. Dump remaining ballast, raise and tamp 2-inch lift with automatif power

tampers.

7. Final lining and dressing with a liner and ballast regulator.

VI. Signal System

A centralized traffic control system is being installed between Stryker and Jen-

nings, a distance of 59.5 miles, and will be controlled from a master control center

at Spokane, Wash.

The signal system will include circuits to tie in the rock-slide detector fences,

also dragging eciuipment detectors and hot box detectors which are located on both

ends of the tunnel. Additional .signal circuits will control various functions of the

tunnel ventilation system. The signal lines are carried on the open pole line. e.\cept

the timnel .section which is in conduit.

VII. Communications

The communication system consists of telephone circuits and subscriber carrier

circuits carried on an open pole line except for the section in the timnel which is

in conduit. The pole line is constructed with butt treated western r. -1 .dir i.ol. >,

and penta-treated Douglas fir crossarms.
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|M|| Wide-axle machine pulling CWR from rail

cars onto rollers resting on ties.

The radio system consists of a two-way VHF radio system, frequency modu-

lated and operated within the railroad band. Radio stations are located at Stryker,

East Portal, West Portal, Tamarack and Riverview in addition to the four stations

within the tunnel. An overhead antenna is mounted in the tunnel to insure con-

tinuous radio coverage.

VIII. Station Facilities

In addition to the depot and maintenance tool house at Stryker, housing is

provided for a signal maintainer and ventilation engineer. At Wolf Prairie, hous-
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H >'<} lilT i;i (100
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Plow attached to car a7 rear of ballast train for distributing ballast.

ing is provided for a signal maintainer, track gang foreman and five laborers in

addition to a maintenance tool house.

This project has been a cooperative venture between the Corps of Engineers

and the Creat Northern RaiWay (now Burlington Northern, Inc.). The Corps pre-

pared plans and specifications and administered the construction contracts. The

Railway Company furnished information for track, signal and communication speci-

fications and assisted in the inspections. The cost of the project is borne by the

Government, but the cost of betterments, consisting of CTC system ( in lieu of auto-

matic block signals) and 132-lb main-line rail (in lieu of 115-lb rail) is borne by the

Railway.

It is evident that the contractor used innovations to substantially reduce the

cost of constructing this line by using a newly developed tie distribution machine,

hopper cars equipped with special ballast doors to regulate the flow of ballast,

ballast compaction units attached to sled, and efficient methods of handling rail.
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Vibratory compactors used with auto-

sled on initial 4-inch raise on ballast. It

compacts the ballast bed which normally is

compacted over a long period of time by

the passage of trains. The compactor requires

a heavy ballast spread to avoid center-

bound ties.

Lining track.
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Report on Assignment 2

Economics of various types of highway-railway grade
crossing installations, including full-depth timbers,

planking, shallow blacktop, full-depth blacktop (3

to 6 inches below tie to top of rail), shallow

concrete, full-depth concrete, cast steel

and rubber

R. A. Kendall (chairman, subcommittee), A. D. Alderson, L. B. Cann, Jr., J. A.

Caywood, p. a. Cosgrove, W. M. S. Dunn, J. E. Eisemann, L. C. Gilbert,

J. K. Gloster, C. R. Harrell, R. P. Howell, J. M. Lowry, R. G. Maughan,
C. L. Robinson, H. W. Seeley, A. E. Shaw, Jr., J. E. Sunderland, W. B.

Throckmorton, R. H. Uhrich, G. H. Winter, B. J. Worley.

Your committee submits the following report as information.

A questionnaire was submitted to Member Roads in the United Stales and

Canada. Answers were received from 34 railroads and provide the basic informa-

tion for this report.

From the information received in the questionnaire, it was determined that

standard construction practice is divided as follows by classification of service:
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Crossing Type

Solid timber
Planking
Shallow blacktop with flangeway timber
Full-depth blacktop with flangeway timber
Shallow concrete
Full-depth concrete
Cast steel and rubber

Man- Hours
Per Foot

3.2
2.2
2.6
6.0
4.0

No figure

4.5

The availability of mechaniLal or hydraulic digging machines for crossing work

has changed the standard for crossing construction for 537c of the reporting roads,

and resulted in improved efficiency for another lOf

.

Crossing maintenance is performed by section forces for oO% of the roads re-

porting. Specialized gangs were utilized for 30% of the work, with production ( tie

or surfacing) gangs assisted by section or bridge and building gangs performing

the remaining 20% of the crossing work.

Crossing gangs, where used, consist of 6 to 16 men, with a median of 8 men.

The most frequent organization consists of:

Foreman

Truck driver

Back hoe or hydraulic tractor operator

4 or more laborers

The machinery used in crossing work is as follows:

Back hoe or hydraulic digger 67%

Air compressor 50%

Dump truck, roller, or spot tamper as needed.

The preference for specific types of crossings because of adaptability to cross-

ing gang maintenance is:

Blacktop with flangeway timber 33?

Solid timber 28%

Plank 3%

No preference shown 36'i

The specific maintenance operations required for each particular crossing arc

listed below:

Full-depth timber Retighten fasteners.

Planking Install additional fasteners and replace broken

planks.

Shallow blacktop Patch and retighten fasteners.

Full-depth blacktop Patch and retighten fasteners.

Shallow concrete Reset slabs.

Full-depth concrete None listed.

Cast steel and rubber Replace shims and retighten fasteners.
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A table has been compiled to indicate the economics of various crossing types.

This is a guide only, which provides a comparison for the experienced user. Class

of service, both rail and highway and other local conditions, must be considered.

Interest charges on investment and freight cliarges have not been considered.

The costs tabulated do not include track preparation; only building the crossing on

the prepared track is considered.

Tupe
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Report on Assignment 3

Economics of headquarters maintenance of way gangs
versus floating gangs in view of recent arbitration award

G. E. Warfel (chairman, stibconimittec), A. D. Alderson, E. R. Anderson, R. J.

AscHMEYER, VV. S. AuTREY, C. J. Bryan, A. W. Carlson, J. I. Casueer, Jr.,

S. A. Cooper, C. G. Davis, L. E. Donovan, H. B. Durrant, W. J. Jones,

M. D. Kenyon, a. L. Maynard, J. R. Miller, D. F. Richardson, C. L. Roij-

iNSON, H. W. Seeley, John Stang, J. T. Sullivan, John T. Ward, G. H. Win-
ter, B. J. WORLEY.

Your committee submits the followinjf report as information.

A questionnaire was submitted to Member Roads in the United States and

Canada. Answers were received from 25 railroads, of which number 11 railroads

were not involved in the 298 Award or did not have sufficient data to answer the

questionnaire. From the answers received, we have compiled the following:

Five railroads, with 29,000 miles of main line, made no change in their gang

organization after the Arbitration Award. The average travel time for both Fixed

and Floating Headquarter Gangs is 45 minutes. The average annual cost for the

298 Award is $840 for Floating Gang employe, plus an annual cost of $470 per

employe for outfit cars.

Five railroads, with 18,000 miles of main line, changed less than 10% of the

gangs from Floating to Fixed Headquarter Gangs after the Award. The average

travel time for Fixed Headquarter Gangs is 60 minutes per day. The average travel

time for Floating Headquarter Cangs is o5 minutes per day. Annual cost for the

298 Award for Floating Gang employe is $684, plus an annual cost of $520 per

employe for outfit cars.

Four railroads, with 12,700 miles of main line, changed from 105?. to 99% of

their gangs from Floating Headquarters to Fixed Headquarters. The average travel

time for the Fixed Headquarter Gangs is 1 hour and 30 minutes. The average travel

time for Floating Headquarter Gangs is 30 minutes. The annual cost of the Award

is $780 for Floating Gang employe, plus $340 annual expense per employe for

outfit cars.

The 298 Award did not change the Bridge & Building Organi/atioii appre-

ciably. The railroads responding to the questionnaire changed only one or two

gangs from Floating to Fi.xed Headquarters, with little increa.se in tra\el time. The

298 Award cost per B&B employe varies from $408 to $1,152 aniuially. In addi-

tion, the annual cost of outfit cars per B&B employe varies from $230 to $835,

depending on contractual or legal recjuirements.

In conclusion, the annual cost per employe for outfit cars includes the annual

maintenance cost plus the annual operational cost of the outfit cars. Floating gangs

with outfit cars can be justified when the cost of the 298 Award plus the cost of

outfit cars is less than the difference in the cost of tra\el time between Fixed an.!

Floating Headquarter Gangs and when due consideration is given to tlie differeiKi-

in the daily productive hours of work at the job site as multiplied b>- the 1iouiI>

wage rate of the gangs under comparison.
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P. P. DuNAVANT, Jr. G. H. Nick
R. S. Bryan, Jr. M. F. Obrecht
T. L. Hexdrix C. a. Obma
H. W. AzER H. Parrish, Jr.

R. C. Archambeault W. D. Peters
W. F. Arksey C. E. Peterson
R. A. Bardwell J. a. Pruett
R. C. Brownlee a. D. Ranklns
L. R. Burdge J. C. Roberts
D. E. Drake N. E. Smith
A. E. Dulik C. a. Stokes

J. L. Engler a. E. Speers
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C. F. Muelder, r r Holmes E. M. Walters
Chairman ^ § Johnson J. M. Wetzel

C. E. DeGeer, F. O. Klemstine .T- E. Wiggins
Vice Chairman h. L. McMullen (E) j. W. Zwick

J. J. Dwyer, Secretary W. H. Melgren Committee

(E) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Complete revision of Chapter 13 was accomplished last year. No recom-

mendations are made for revision of the Manual at this time.

1. Water pollution control.

Progress report, submitted as information page 204

2. Air pollution control.

Progress report, submitted as information page 217

3. Land pollution control.

Brief progress statement, submitted as information page 225

4. Industrial hygiene.

Progress report, submitted as information page 225

5. Plant utilities.

No report.

Note: Discussion on subcommittee reports herein closes on Ianuar>- 18, 1971.

203
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6. Corrosion control.

Progress report, submitted as infomiation page 226

The CoMMirrEE on Environmental Engineering,

C. F. Muelder, Chairman.

AREA Bulletin 630, November-December 1970.

Report on Assignment 1

Water pollution control

J. L. Goss (chairman, subcommittee), G. H. Nick (vice chairman, subcommittee),

J. L. Engler, W. H. Melgren, C. A. Obma, J. A. Pruett, J. C. Roberts,
C. B. Voitelle.

During the past year. Subcommittee 1 has been preparing a report on tlie design

of facihties for treatment of railway waste water. The design of railroad facilities

was broken down into three categories. This report covers the treatment of two of

these. The third category will be the subject of study for next year.

1.2.5 Design of Facilities

(a) A "systems approach" should be used in selecting the proper equipment

for the most economical and satisfactory solution for handling liquid waste treat-

ment and disposal problems. The basic parameters in design of a treatment system

depend on the liquid waste composition, permissible discharge levels and tlie

amenability of the pollutants to treatment.

(b) Liquid wastes from railway operations most generally fall into three cate-

gories as follows:

1. Waste oils—free floating, little or no emulsions, minimum settleahle solids:

Controlled by a gravity type clarifier.

2. Waste oils—free floating, with emulsions; with settleahle solids: Controlled

by methods and equipment designed to regulate pH, break emulsions, re-

move settleahle solids.

3. Waste water with pollutants other than oils, greases or sanitary waste,

having a B.O.D.: Such as from box car cleaning and washing. Controlled

by removal of settleahle solids, pH control, flotation of suspended solids

and subsequent removal.

1.2.5.1 Waste Oils—Free Floating, Containing Little or no Emulsions with a

Minimum of Settleahle Solids; Controlled by a Gravity-Type Separator

(a) Free oils and grease in waste water with little or no emulsions and a

minimum of settleahle solids such as that discharged from a diesel fuel handling

area should be trapped and removed, if possible, prior to mixing with other wastes

which may produce emulsions that are extremely difficult to break. Sources of waste

which may produce emulsions are from cleaning vats, rag laundries, filter cleaning,

paint stripping, locomotive washing tracks and other areas where cleaning com-

pounds are used. Water-borne oily waste without emulsions are seldom found; tliere-

fore, design details and means provided for separation of oil to produce a clean
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eflfluent suitable for release into a surface stream will vary widely, depending on

waste water characteristics, topography, pollution control agency requirements, and

economics.

(b) Separators for removal of free oil are divided into two basic groups

—

those employing a surface skimming device and those using a rotating oil pickup

mechanism with plastic or nylon belts for oil removal. Both types are available

commercially. Belt-type skimmers are usually furnished with a free-floating sub-

merged tail pulley installed in guide slots. The tail pulley provides belt alignment

and tension. Belt skimmers are especially effective if the oil is of heavy gravity or

if of necessity the water level fluctuates widely. One type of surface skimmer in

general use is die power-drixen flight skimmer as illustrated in Fig. 1-D. This

skimmer consists of wood or Neoprene-backed metal flights attached about 5 ft

apart to two endless strands of chain. The flights are driven by a gear drive at

about 5 ft per minute, skimming the surface of the separator vessel and gently

propelling the floating material and free-floating oil to and up a low ramp into a

trough from which it flows to a storage receptacle. The water level in the separator

is controlled by an outlet weir trough, with adjustable overflow plates. These

skimmers are furnished commercially, either shop assembled in a package separator,

or separate for installation in a concrete basin. Light-gravity oils as well as heavy

oils, grease scum and floating trash are removed with low water carryover in the

skimmed oil.

(c) Where topography permits, the separators should be installed below the

waste water outfall to avoid pumping \\hich tends to agitate the oil water mixture,

producing emulsions making separation more difficult.

(d) In selection of a separator, it should be kept in mind that for best per-

foniiance, oil must be removed from the separator as quickly as possible. If the

percentage of oil in the waste water is great enough to maintain a heavy layer of

oil behind the retaining weir or baffle, a surface skimmer usually performs well;

however, if the quantity of oil is such that only a thin film exists, a belt, drum, or

other rotating oil pickup device is efficient. Some equipment manufacturers ha\e

attempted to overcome this deficiency in the surface skimmer by use of an electrical

pickup system mounted on oil-filled floats. Confirmed information concerning the

effectiveness of such a system is not available at this time, although it is claimed

that the device will not pick up below the surface oil.

(e) Where the volume of oil-bearing runoff will vary widel>- with the intensity

of rainfall, consideration should be given to the installation of a retaining sump to

be used in conjunction with a separating unit. Use of an installation such as that

illustrated in Fig. 1-A will permit use of a much smaller separator than would be

required should it be necessary to pass the entire nmoff through the imit. The sump

is usually designed for a retention time of about 15 minutes for normal rainfall. If

the drainage area consists of unpaved surfaces or platforms where engines are sanded,

a sand trap must be constructed in front of the sump inlet. The oil-retaining baffle

should extend from about 6 inches above the normal water surface to approximate!)

half-way to the sump bottom. A submersible pump is located at an elevation such

that it will continuously skim the surface during normal flow. One or more additional

pumps may be installed at progressi\el\' higher elevations in order that oil will be

picked up mitil such time as the vohnne of water is sufficient to dilute the oil to an

acceptable percentage. A rainfall of sufficient intensity and duration to completeb

inundate the sump, will produce only temporary ineffectiveness of the system. The
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distance from normal water surface or outfall invert to the top of oil-retaining

baffle determines the maximum flow capacity of the sump and the point at which

dilution must compensate for oil removal. Since the establishment of this distance

is, to some extent, a guess, approval of the pollution control agency having juris-

diction should be obtained prior to making such an installation.

(f) Capacity of a sump or separator can sometimes be increased by the addi-

tion of an emulsion breaker injected at a rate based on laboratory and field tests.

Addition of suitable chemicals will accelerate the demulsification and enhance the

flotation of oil, reducing the required retention time, thus increasing the capacity of

the system.

( g ) Satisfactory performance of any water treatment facility—and this includes

simple oil-water separation—is dependent upon thorough laboratory and field investi-

gation and proper interpretation of test results. Bench tests made on the site must

be used to check all laboratory reports since samples can, and do, change consid-

erably between the time they are taken and the laboratory analysis. A series of

bottle tests is recommended for sizing the separator or sump vessel. A series of

numbered bottles each containing identical and typical samples is sufficient for

this work. A slight adjustment of the pH, either upward or downward, may prove

beneficial in accelerating the flotation of oil. The addition of specific quantities of

an emulsion breaker to each of the several samples will assist in determining if

the chemical addition will economically improve effluent quality or permit a reduc-

tion in size of the separator.

(h) Since most emulsion breakers perform best within a specific pH range,

the test should include two or more samples, for each chemical to be tested, adjusted

by the addition of sulfuric acid or an alkali. The chemicals, preferably from more

than one manufacturer, are added to the sample and gently stirred. The preliminary

test should be wide enough in scope—say from 5 to 75 ppm chemical added—to

determine if there is any difference in the test samples after 5, 10 and 15 minutes

settling time. If one sample shows a distinct improvement in appearance over all

others, the testing can then be narrowed in range to find the optimum dosage and

pH. The pH of waste waters can to some extent be controlled by selecting a

specific type of cleaning compound in the areas where used.

(i) If chemical additives are desirable or necessary, it is advisable to install a

metering device at the vessel inlet for proportional flow application or pH adjust-

ment. A chart indicating the setting of the metering pump corresponding to a given

flow is beneficial in maintaining optimum balance. Not only is performance adversely

aff^ected by the addition of too much additive, as well as too little, but there is also

a cost factor involved.

(j) Specific design details of belt and drum skimmers are omitted since they

are readily available from a number of manufacturers who are capable of modifying

or adapting their units to conditions, as determined by investigation.

(k) Optimum rotational speed of the belt or drum skimming equipment varies

between Yi ft per second and IM ft per second, depending upon temperature, viscosity,

and amount of oil available for pickup; dierefore, it should be adjustable within this

range. Pickup of water along with the oil increases directly with an increase in

rotational speed, making it desirable to operate the mechanism no faster than is

required to remove the oil as it collects. Inasmuch as there will be some pickup of

water, a water drain is necessary in the recovered oil storage tank. Water drained

from the tank should be returned to the separator, by pumping, if necessary.
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( 1 ) The oil separator vessel consists of three basic sections, each of which

performs specific functions. The inlet section which may include or be preceded

by a grit and/or trash collector, serves to reduce flow velocity and turbulence for

collection of oil. Where required, a bar screen cleaned either manually or auto-

matically, may be installed at the separator inlet. A grit collector which may be

equipped with a screw or drag conveyor or manually cleaned, will prevent rapid

silting of the separator vessel and will increase the time between shutdowns for

sand and silt removal. When the addition of a chemical emulsion breaker is desirable,

it should be added at a pimip inlet, if pumps are used, otherwise, at the separator

inlet, and the separator inlet should be sized to permit a velocity of appro.\imately

15 ft per minute. Velocity may be somewhat less, if necessary, to provide the reten-

tion time, as determined by field tests.

(m) The separator section is designed for a quiescent flow to permit the oil,

\\'hich enters this section floating on the water surface, to remain so for pickup by

the skimmer. The oil-retaining baSle should extend far enough below the surface

to prevent oil being carried underneath; however, it should not extend so near the

vessel bottom that silt and settled solids will be picked up by the flow velocity.

The baffle should extend approximately 24 inches below the oil surface, or about

half-way to the tank bottom. The skimmer is located 4 to 8 inches from the baffle

depending upon the type used.

(n) If design of the inlet and separator sections are properly balanced with

respect to volumes and velocities, the discharge should be relatively free of oil;

however, there is, on occasion, some emulsification of oil that cannot be avoided;

therefore, it is ad\'isable to design the outlet to provide an additional oil-retaining

section that can be skimmed periodically, if required. This can be accomplished by

extending the outfall pipeline to a point of about one-third of the tank deptli, or b\

a sleeve around the outlet. The sleeve should extend 18 to 24 inches below the

water surface.

(o) The pH control is usually unncessary where only free oil is receixed; how-

ever, the retention section provides a place for the addition of a mild caustic solution

or an acid to change the pH for emulsion breaking.

( p ) Oil recovered by the separator may be either drained by gra\ity, or pumped

from the oil recovery sump to the storage tank. Recovered oil may be disposed of

by burning it as a fuel, used in a weed and brush spray program, or sold. Incinera-

tion may in some cases prove to be a satisfactory means of disposal; however, with-

out proper design, it is usually unsatisfactory and could result in \iolation of air

pollution regulations.

(q) Fig. 1-B .shows a typical separator vessel for use with a belt or drum-t\pe

oil pickup device while Fig. 1-C shows a ves.sel for use with a surface skimmer.

1.2.5,2 Waste Oils—Free Floating, with Emulsions and Settleable Solids; Con-

trolled by Methods and Equipment Designed to Regulate pH, Rreak

Emulsions, Remove Settleable Solids

(a) Definitions

Free Oil—That fraction of oils in a waste stream that will separate as a well

defined float upon a quiescent settling period of up to 60 minutes. In addition to

oils, this will include grease and any floatable trash.
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Emulsion—An oil-in-water suspension of finely di\ided oil particles main-

tained in suspension by the effect of an ionic atmosphere. The finely divided oil

particles carry a negative charge in the ionic protective layer that isolates the particles

and prevents them from joining with other particles of like material to form agglom-

erates sufficiently large to separate from the water media.

The process of separating the oil from the water in an emulsion is known as

"cracking." Cracking is done by either addition of chemical or by heating (thermal

cracking).

Fine Oil Suspensions—In between the free oil phase and the emulsion phase
is a broad phase, without well defined boundaries, in which all particles will not

separate gravimetrically, yet are not maintained in suspension by the isolating effect

of the like, negative particle charges. In this phase, the oil particles are so fine that

they cannot overcome the surface tension of the water and float, or they are attached

to some solid particle, such as fine sand, that counters their buoyancy to where
its gravity approximates that of water and will not float or settle.

In some cases, oil in this phase will float eventually on long periods (6 to 10

hours) of quiescence.

This phase is sometimes referred to as "pseudo-emulsion," and is often mis-

taken for a true emulsion.

( b ) Preliminary Considerations

Before a waste treatment system can be selected or a proposed system properly

evaluated, a survey should be made and infomiation secured, as follows:

1. Housekeeping and work habits should be sur\'eyed to locate and correct,

as far as possible, gross oil spillage. It is generally more economical to

collect and handle concentrated waste oil such as crankcase drainings,

machining coolants, etc., in portable containers than to discharge these

oils to the sewer for separation and collection at the treatment unit.

2. Spillage of diesel oil at fueling points has long been a troublesome prob-

lem, and no complete solution has been devised. Automatic shut-off nozzles

have helped considerably to reduce spillage, but have not completely

solved this problem. Curbing the immediate area at the fueling track to

provide a collecting pan for the spilled oil, with a drain to a storage tank

has been used. This may not be feasible everywhere, but it is worth look-

ing into. It would appreciably reduce tlie amount of oil to be removed at

the treatment plant. This could be important where belt-type or roller-type

skimmers are used, as these skimmers have a very poor pick-up of light-

gravity oil such as diesel oil.

3. The sur\'ey should study the storm water drainage of the area with a

view to excluding as much run-off as possible from the oily waste sewers.

This will require some new sewer construction, and tlie amount of sewer

construction required could very well influence the selection of the plant

site.

4. The survey should include flow measurements of individual waste streams

or the combined streams, if indi\'idual streams measurement is not feasible.

Weir measurements at half-hour intervals over a representative 24-hour

period will give adequate measurement. Weir tables for 90° notch or

rectangular weirs will be found in most engineering handbooks or in

"Cameron Hydraulic Data."
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5. At the same time waste samples should be collected at half-hour intervals

in proportion to the flow for analysis at a laboratory. The pi I should be

measured when sample increments are collected. Analysis then should be

made for total oil (hexane soluble), free oil, suspended solids, settleable

solids, and 5-day BOD.

Information gathered by such a survey is essential in order to meaningfully

determine treatment requirements and evaluate proposals. It will also be very help-

ful in dealing with the pollution control authorities.

(c) Selection of treated waste outlet. Tliree outlets for treated wastes are

ordinarily available:

1. Streams, rivers or lakes.

2. Evaporation lagoon. This may be very good in arid regions where evapora-

tion rate exceeds rainfall by 3 or more feet per year.

3. City sewerage system.

Of the above, tlie third—city sewerage system—is by far the preferred choice.

The reason is that relatively simple pre-treatment works will be adequate prior to

discharge into a municipal sewerage system, whereas more elaborate and sophisticated

works and much more precise operations are required if the treated wastes are to

be discharged into a surface waterway. Most city ordinances permit an oil content

of up to 100 ppm, although some now use a 50 ppm limit; suspended solids of 400

ppm, and 5-day BOD of up to 300 ppm. On the other hand, State water quality

regulations limit oil content to as low as 5 ppm; suspended solids and 5-day BOD
to less than 225 ppm each. In addition an increasing number of States are limiting

phosphorus to 1 to 10 ppm. Accordingly, what may look hke an expensive con-

necting sewer or force main may actually produce an important initial saving as

well as a permanent reduction in operating cost.

Evaporation lagoons, where land is available and the climate is arid, are also

a good choice. Primary treatment for removal of free oil will greatly extend lagoon

life.

Lagoons in porous soil, where all or part of the flow seeps into the soil are

not recommended because they can cause ground water pollution. Oily tastes and

odors can appear in water wells in the near and even distant vicinity of an oily

waste lagoon long before bacteriological tests show contamination.

(d) Treatment Systems Generally Used

A number of systems of oily waste treatment are in use in industry, each one

of which has special advantages and disadvantages. AccordingK', the selection would

be based on whichever system best meets the particular project at hand. This, in

turn, can be determined by field tests with laboratory confirmation.

At engine terminals with diesel repair shops, about half the oil content is free

oil and half finely divided and emulsified oil. Accordingly, a primary treatment unit

for removal of free oil and settleable solids as described in Art. 1.2.5b.(l) above

would precede all of the following systems:

1. Required Effluent Oil Content 50 to 100 PPM Oil:

a. Chemical and/or polymer coagulation with gravity separation. Tliis

system requires a flocculation period of 10 to 20 minutes, followed by

a settling period of about 90 minutes. Gentle, diffused air flocculation
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is \ery good. Settling tank should be equipped with surface skimming

as well as a sludge collector mechanism. Combination flocculator clari-

fiers are commercially available in a single, nested vessel.

Flocculating chemical used is either alum, ferric chloride, ferric

sulfate or polymer.

A holding tank preceding this imit would not be needed unless

the stormwater peak flow was greater than twice the design rate of

flow. If a holding tank is required, it would be sized to store an amount

that would supply the flocculator-clarifier at twice the design rate for

a twelve hour period.

Skimmed oil and settled sludge would be drawn to a batch crack-

ing tank for chemical and/or thermal cracking, the separated oil drawn
off to a storage tank for scavenger disposal and the bottom sludge drawn

to drying beds. The cracking tank will require a suitable acid resisting

coating. This step may be eliminated if scavenger costs are low.

Polymer coagulation with pH adjustment and dissolved air flotation

separation. In tliis system, air is added to the waste stream, which is

pressurized to 35 to 50 psi, causing air to dissolve in the stream, and

a polymer is added. After a short detention period in a dwell tank, the

pressurized stream is released in the flotation cell where the polymer

flocculated fine oil particles are buoyed to the surface by the fine air

bubbles coming out of solution. A skimmer mechanism continuously

collects the float.

Flotation cells, normally, operate at a constant flow rate. Accord-

ingly, a holding tank is required to even out flow peaks including storm

water peaks.

Polymer response is closely pH related. Accordingly, the pH of

the waste stream must be adjusted by feeding an acid or an alkali. The
chemical feed pump is paced by a pH meter that automatically main-

tains the set pH. The sensing bulb of the pH meter should be con-

veniently located as it must be cleaned frequently for accurate measure-

ment.

Some flotation cells use full stream pressurizing, and some use

recycle pressurizing. Strong claims are made for each. However, in

this application, both work, and the choice can usually be based on

cost.

Skimmed oil float is drawn to a batch cracking tank for concen-

tration as in Paragraph a abo\'e.

Flotation cells are used widely in industry for oil separation. They
are compact and are commercially available as a package with their

auxiliaries. However, they are more sophisticated tlian the simpler

flocculator-clarifier described in Paragraph a above, and require more

skillful operation and attention.

Coalescing filters. This is a packed bed, pressure filter using fibrous or

granular or screen media, that induces the finely dispersed oil particles

to coalesce into larger, readily floatable particles. They have been used

mainly on shipboard for removing oil from ballast water and bilge

water. Effluents are in the range of 20 ppm to 200 ppm of oil content.

There are several proprietary units on the market.
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There is little information available on their application to ordi-

nary industrial oily waste treatment. Shipboard application involves

removal of heavy Bunker "c" oils from water. How they would work

on lighter gravity oils such as diesel fuel is not generally known. How-

ever, they have distinct possibilities, and their compactness and ease

of operation have much to commend them.

2. Required Effluent Oil Content 10 to 15 PPM Oil

Treatment plants in this category will require very reliable equipment,

controls and instrumentation. At this effluent quality level, the discharge

will be to a surface stream or lake. Pollution control authorities are in-

clined to closely monitor such discharges, and since even a very thin,

mono-molecular oil slick is readily visible, any slip-up will attract

attention.

Operation of plants in this category will require a supervisor who is

a competent, well trained technician who will have undivided responsi-

bility for the operation of this plant.

Plants in this category will be identical to those in Paragraph (d) 1 a

above with the addition of emulsion breaking facilities,

a. Industrial practice, particularly the automobile industry, uses batch

process emulsion cracking.

The batch cracking tanks are located in the system after primary
treatment and before secondary treatment, and will take the place of

the holding tanks normally used for flow equalizing.

Emulsion cracking is accomplished by lowering the pH to less

than 7.0, and to a level at which the repelling negative particle charges

are neutralized. This can be accomplished by adding sulfuric acid,

alum, or an iron salt. The best cracking agent is detennined by field

test.

Multiple tanks are used, usually three. Cracking agent is added as

a tank is filling. When filled, a plant laboratory test is made to check

whether the emulsion is cracked, and if required, additional cracking

agent is added. The cracking reaction takes from 15 minutes to an

hour. The oil in the cracked emulsion precipitates as a fine suspension

that is removed in the chemical precipitation or dissolved air flotation

unit following. Multiple tanks permit a uniform feed to the following

units. The batch process makes it possible to acciuately monitor and

correct the process, if necessary, to be sure emulsions are cracked be-

fore the stream is released.

The cracking tanks would be equipped with mixers ha\ ing a turn-

over capacity of about 15 minutes. These can be \ariablc speed mechan-

ical mixers or air mixers. The latter has proved very satisfactory- in the

automobile industry. The tanks should have a mild acid resistant coat-

ing such as a coal tar paint or coal tar and epoxy paint.

A fraction of the finely di\ided oil will Hoat on the.se tanks, and

accordingly, they should be provided with oil skimming facilities. This

oil float will be sufficiently concentrated .so that it can be discharged

to the storage tank at the primary separator.

Chemical feeding equipment selected should be of good qualit>-
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that can accurately measure the feed. There are a number of good

feeders, commercially available. The exact type will depend on the

nature and amount of chemicals to be fed.

b. Fmal polishing. In some cases, where receiving stream conditions are

critical, one more step after chemical precipitation or air flotation may
be required. This would be filtration in a packed filter, either sand or

diatomaceous earth. This would be a simpler filter than the coalescing

filter described in paragraph (d) 1. b above. Its function would be to

strain out flocculated particles escaping the chemical precipitation unit

rather than coalescing finely divided particles into larger floatable

particles.

Sand filters would be sized for 6 gpm per sq ft. Diatomaceous

earth filters would use a much higher rate. There are a number of

good units of both types commercially available.

Polishing filters would only be used where demanded by the pol-

lution control authorities. They also might be added at a later date to

overcome a deficiency in a flotation cell.

c. Miscellaneous Considerations

It is not always feasible for the railroad to do all of the engineering

required on this type of project with its own engineering department.

Alternatives are:

1. Retain a consultant to make the surveys, design the facilities, secure

approval of the appropriate reviewing authorities, and to provide

plans, specifications and contract documents for general contractor

bids. In selecting such a consultant, it would be well to use one who
has had industrial waste treatment background. Many otherwise ex-

cellent municipal engineering consultants are not entirely equipped

for industrial work.

2. Invite a "unit responsibility" proposal from companies specializing

in industrial waste treatment. The proposal would include field sur-

vey, design and construction of required facilities, and instruction

of operating personnel and assumption of responsibility for required

operating results. Invitations to bid are normally extended to only

those companies with a good history in the field and well enough

financed and established to assure their being around in years to

come. More attractive proposals are secured if miscellaneous sewer

work and minor construction beyond the boundary limits of the

treatment system are covered in a separate project. Also, it may be

advantageous in some cases if site preparation and some buildings

and/or foundation work were separated from the treatment system

project. A preliminary survey by the railroad, in general, to "scope"

the project will be very helpful in evaluating proposals.

.3. Retain a consultant to make the surveys, establish the design

parameters, and invite "imit responsibility" proposals from companies

specializing in this field, for design and construction of the treatment

system, instruction of operating personnel and assumption of respon-

sibility for the required operating results. The petro chemical, petro-

leum, and paper industries, among others, frequently prefer this

option.
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Report on Assignment 2

Air pollution control

A. F. BuTCOSK (chairman, subcommittee), R. C. Archambeault, W. F. Arksey,
E. S. Johnson, C. E. Stokes, L. R. Tiebney, E. M. Walters.

Your committee submits the following report as information, looking to submit-

ting it for adoption and publication in the Manual as a recommended practice at a

future date.

2.3 INCINERATORS

2.3.1 General Statement

(a) Disposal of combustible material is one of the most perplexing problems

facing society today. Refuse is created by industry, commerce and the public. It

has been an accepted practice to burn refuse in open areas or in simply designed

incinerators producing various amounts of particulate matter.

(b) During the past few years every community has become aware of the

large quantities of dust in the atmosphere, which is slow to settle, thus producing

a haze over the cities and farm land. The public is demanding clean air, and in

some instances causing industries to desist operation until means have been achieved

in meeting the necessary emission reduction. Industry can obtain a variance in the

State Pollution Control laws for continuation of some operations, but this variance

is reviewed periodically. Therefore, the variance is not a solution of the problem,

but only a bid for time.

(c) Refuse can be burned in a properly designed multiple-chamber incinerator.

However, caution is necessary so that adequacy of design, proper methods of con-

struction, and quality of materials are utilized in construction of an incinerator that

will meet air pollution control requirements and have an average service life

expectancy.

(d) The configuration of modem multiple-chamber Incinerators falls into two

general types, as illustrated below. These are the retort type, named for the return

flow of gases through the "U" arrangement of component chambers, and the in-line

type, so called because the component chambers follow one after the other in a line.

2.3.2 Retort Type

Essential features that distinguish the retort type of design, as shown in Fig. 1,

are as follows:

(a) The arrangement of the chambers causes the combustion gases to flow

through 90-deg turns in both lateral and \ertical directions.

(b) The return flow of the gases permits the use of a common wall between

the primary and secondary combustion stages.

(c) Mixing chambers, flame ports, and curtain wall ports ha\e length-to-

width ratios in the range of 1:1 to 2.4:1.

(d) Bridge wall thickness under the flame port is a function of dimensional

requirements in the mixing and combustion chambers. This results in

construction that is somewhat unwieldy in the size range above 500 lb

per hour.
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INCINERATION

milNG CHANBER

CURHIK ««U PORT

Fig. 1—Cutaway of a retort multiple-chamber incinerator.
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MUING CHAMBER

Fig. 2—Cutaway of an in-line multiple-chamber incinerator.

2.3.3 In-line Type

Distinguishing features of the in-line type design, as shown in Fig. 2, are as

follows

:

(a) Flow of the combustion gases is straight through the incinerator with

90-deg turns only in the vertical direction.

(b) The in-line arrangement is readily adaptable to installations that require

separated spacing of the chambers for operating, maintenance, or other

reasons.

(c) All ports and chambers extend across the full width of the incinerator

and are as wide as the ignition chamber. Length-to-width ratios of the

flame port, mixing chamber, and curtain wall port How cross sections

range from 2:1 to 5:1.

2.3.4 Description of the Process

(a) The combustion process in a multiple-chamber incinciatoi pioeccd.s m iwo

stages—primary or solid fuel combustion in the ignition chamber, followed by sec-

ondary or gaseous-phase combustion. The secondary combustion zone is com;

of two parts, a downdraft or mixing chamber and an up-pass expansion or coinl

chamber.

(b) The two-stage multiple-chamber incineration begim in the ignition cham-

ber and includes the drying, ignition, and coinbiistion of the solid refuse. As tlic
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burning proceeds, the moisture and volatile components of the fuel are vaporized

and partiall)- oxidized in passing from the ignition chamber through the flame port

connecting the ignition chamber \\'ith the mixing chainl)er. From the flame port, the

volatile components of the refuse and the products of combustion flow down through

the mixing chamber into which secondary air is introduced. The combination of ade-

quate temperature and additional air, augmented by mixing chamber or secondary

burners as necessary, assists in initiating the second stage of the combustion process.

Turbulent mixing, resulting from the restricted flow areas and abrupt changes in

flow direction, furthers the gaseous-phase reaction. In passing through the curtain

wall port from the mixing chamber to the final combustion chamber, the gases

undergo additional changes in direction accompanied by expansion and final oxida-

tion of combustible components. Fly ash and other solid particulate matter are col-

lected in the combustion chamber by wall impingement and simple settling. The

gases finally discharge through a stack or combination of a gas cooler (for example,

a water spray chamber) and induced-draft system. Either draft system must limit

combustion air to the quantity required at the nominal capacity rating of the

incinerator.

2.3.5 Selecting Type of Incinerator

(a) Incinerators with capacity of less than 500 lb per hour are usually con-

structed as retorts, while the in-line styles will accommodate capacities in excess

of 1,000 lb per hour. When large quantities of refuse are to be burned it is more

economical to use the in-line incinerator due to cost of construction and ease of

controlling temperature of internal walls.

2.3.6 Incinerator Requirements

2.3.6.1 Air Inlets

(a) Positive control for all combustion air inlets should be provided by means

of fully adjustable dampers. The retort incinerator designs shown in Fig. 3 incor-

porate round, spinner-type controls with rotating shutters for both underfire and

overfire air openings, and rectangular ports with sliding or hinged dampers for the

secondary air openings. The in-line incinerator designs shown in Fig. 4 have rec-

tangular ports for both overfire and secondary air openings, and spinner-style ports

for the underfire air openings. Air ports may be of any convenient shape, though

the port arrangement indicated in the in-line designs with rectangular overfire ports

is preferred since tlie combustion air is distributed more evenly across the fuel bed.

2.3.6.2 Stack

(a) Stacks for incinerators with a capacity of 500 lb or less per hour are

usually constructed of a steel shell lined witli refractory and mounted over the com-

bustion chamber. A refractory-lined, reinforced, red brick stack is an alternative

method of construction when appearance is deemed important. Stacks for incinera-

tors with a capacity of more than 500 lb per hour are normally constructed in the

same manner as those for smaller units but are often free standing for structural

stability, as indicated in Fig. 4. Stack linings should be increased in thickness as

the incinerator becomes larger in size.

2.3.6.3 Refractories

(a) Super-duty plastic refractory or super-duty fire clay firebrick are recom-

mended for the interior walls and arches that comes into direct contact with flames
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and hot gases, since temperatures usually exceed 2,000 F. Expansion joints with

/2-inch minimum width should be installed for every 6-ft section of refractory. These

joints must be sealed completely with high-duty ceramic packing with minimum

service temperatures of 2,500 F. Packing of this type is necessary to prevent ashes

from collecting in the open joints and fusing in such a way as to render tlie joint

useless.

(b) The first 10 ft of stack must be lined with high-duty firebrick or an equiva-

lent castable refractory. The remainder of the stack may be lined with a lower duty

material since flame impingement in this area does not nomially occur. The charg-

ing door and other access doors, with the exception of the ash pit cleanout doors,

should be lined with 120-lb-per-cu-ft, ASTM Class 24, castable refractory.

(c) The minimimi heights for free-standing firebrick walls of given tliickness

are as follows:

Tliickness of Walls, Inches Unsupported Height, Feet

4ii 4

9 10

13?^ 14

(d) Firebrick walls extending above these heights should be held to exterior

supports with stainless steel anchors that permit a difi^erential rate of expansion.

Walls constructed of plastic refractory should be anchored to exterior structural

steel members on 18-inch centers.

(e) Arches may be constructed of firebrick or plastic refractory. Firebrick

arranged to form 60-deg arches should be limited to a maximum span of 5 ft 10

inches for 4/2-inch thickness and 8 ft for 9-inch tliickness. Arches with spans greater

than 8 ft should be constructed of suspended, super-duty, fire clay shapes or super-

duty, plastic refractory. Plastic refractory used for this purpose must be suspended

from refractory cones or stainless steel anchors spaced not more than 15 inches apart.

2.3.6.4 Grates

(a) Two materials satisfactory for construction of grates are cast iron and

castable refractory. Cast iron grates are available in a wide variety of sizes and

shapes. They are of much heavier construction than those used in comparable gen-

eral-refuse incinerators, to minimize deformation at high temperatures, \\1iere blocks

or scraps of wood are to be burned, bar- or channel-shaped grates should be em-

ployed, but when wood waste accumulated from woodworking equipment is to be

burned, pinhole grates should be installed. Typical pinliole grates consist of 6-inch-

wide by 24-inch-long by ?4-inch-thick slab sections of cast iron with Js-inch holes

on 2-inch centers. Grates of this type are capable of retaining small wood particles

that might otherwise fall unburned into the a.sh pit.

(b) Refractory grates are nearly always constructed in the form of OO-dcg

sprung arches. On incinerators of 250-Ib-per-hour capacity or less, grates are con-

structed of ASTM Class 24 refractory 5 to 6 inches thick, with 1-inch holes on 5-

to 6-inch centers. ASTM Class 27 castable refractory 6 to 8 inches thick, with 1-inch

holes on 6- to 9-inch centers is used in larger incinerators.

(c) Caution is required in operating incinerators with cast iron grates. Under-

fire air must not be unduly restricted nor siiould the ash pit be aIlo\v<'d to fill

within 1 ft of the grates. Heat build-up in the ash pit fn)m either condition can
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cause the grates to warp and sag. Misoperation of this type does not deform grates

constructed of castable refractory. These grates are, however, susceptible to damage

from careless stoking and cleaning.

(d) When most of the cliarge consists of sawdust or similar small wood par-

ticles delivered by a uniform feed system, a solid hearth should l>e installed at the

rear of the ignition chamber to prevent the introduction of excessive underfire air

at this location. As the size of the incinerator increases, hearths are sometimes

installed along the sidewalls also to prevent excessive underfire air. In any event,

the hearth area should not exceed 30 percent of the total horizontal area of the

primary ignition chamber.

2.3.6.5 Exterior Walls

(a) Incinerators can be constructed with exterior walls of red brick or steel

plate. Red brick exteriors are usually constructed of two layers of red brick bonded
by a reinforced concrete center. Exterior steel plate may be of the thin, corru-

gated type used to back plastic refractory, or as heavy as 10 gauge to support

interior brick construction.

2.3.7 Operation of Incinerators

(a) The operator of a general-refuse incinerator generally relies on auxiliary

burners to maintain temperatures for maximum combustion in the secondary cham-
ber. The operator of a wood-burning incinerator, without provisions for auxiliary

burners, is able to maintain adequate secondary chamber temperatures by proper

charging and control of combustion air.

(b) Generous amounts of clean dry paper are mixed with the wood for the

initial charge. After the ignition chamber is one-half to two-thirds full, additional

paper is placed on top of the pile to ensure quick flame coverage at the surface.

It is important, in keeping smoke to a minimum, that only clean dry paper and
dry scrap wood comprise the initial charge. After charging is completed, the paper

is ignited near the front of the chamber and the charge door is closed. All com-
bustion air ports are almost completely closed to restrict combustion air.

(c) As burning proceeds, the incinerator passes through the most critical

period of its operation. By observing the emissions from the stack, the necessary

adjustments can be made promptly to reduce or eliminate smoke. Gray or white

smoke emitted after lightoff indicates that the incinerator is cold. This smoke can

be minimized or eliminated by closing all air ports. Smoke of this color usually

ceases within a few minutes after lightoff .when flames completely cover the refuse

pile and fill the flame port. A few minutes later, black smoke may appear, resulting

from a lack of adequate combustion air. These emissions can usually be eliminated

by opening primary air ports and then the secondary air ports. If additional com-
bustion air is required, it may be supplied by opening the charge door.

(d) Although each incinerator has its own operating characteristics, the over-

fire and underfire air ports can usually be opened 5 to 10 minutes after lightoff, and
the secondary port, 20 to 30 minutes later. If opening of the secondary ports results

in gray or white smoke emissions, the ports should be closed immediately since the

incinerator has not yet reached its normal operating temperature.

(e) After attaining normal operating temperatures, maximum combustion is

maintained by placing the mechanical feed system in operation or by hand charg-

ing at regular intervals.
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REFERENCE

Air Pollution Engineering Manual, 999-AP-40, U. S. Department of HEW,
PHS, Bureau of Disease Prevention Environmental Control, National Center for

Air Pollution Control, Cincinnati, Ohio, 1967, pp. 413-445.

Report on Assignment 3

Land pollution control

P. P. DuNAVANT, Jr. (cliairman, subcommittee), D. E. Drake, E. T. Myers, J. M.
Wetzel, J. W. Zwick.

Your committee reports that a study on the disposal of toxic wastes is in prog-

ress, and will be completed next year.

Report on Assignment 4

Industrial hygiene

R. S. Bryan, Jr. (chairman, subcommittee), R. A. Bardwell, J. J. D\\yer, W. D.
Peters, P. M. Miller.

Your committee submits the following report for information only.

Having submitted for adoption a complete re\'ision of Part 4 of Chapter 13

of the Manual Revision, your committee was instructed to investigate any new

retention-type toilets which might be feasible for use on locomotives, cabooses,

and camp cars.

Since the Manual revision was submitted, two additional toilets were studied.

One is a portable chemical toilet originally designed for boats and trailers. This is

an inexpensive toilet but has a very limited capacity which reciuircs extensi\e

servicing. This toilet may be feasible for installation on old equipment if such

installation becomes a requirement by law.

The second toilet studied depends on aerobic digestion to reduce organic

waste and the use of chlorine to disinfect the effluent being discharged. This toilet

is being tested by The National Sanitation Foundation, but a report has not yet

been released.

Further studies on efficiency, .servicing, and maintenance of the variou-; t>pes

of toilets being offered will be continued and progress reports submitted.
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Report on Assignment 6

Corrosion control

H. W. AzER {chairman, suhcommittcc), H. E. Chaham (vice chairman, suhcommi'-

tee), R. R. Holmes, A. J. Levene, M. F. Obrecht, A. D. Rankins, T. A. Ten-
nyson.

Your committee is presently investigating corrosion control in engine cooling

systems. Progress is reported, but further study is needed for completion of a report

to show compatibilities of different types of corrosion control compounds, recom-

mended concentrations, compatibili:y with anti-freezes and the pollution effects on

discharge to waterways and sewers.
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Committee

( E ) Member Emeritus.

Those whose names are shown in bo'dface, in addition to the chairman, vice chainiian and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

No report.

1. Classification yards, collaborating as necessary or desirable with Com-

mittee 16.

A review of methods of preventing roll-outs at lower end of classifica-

tion yards, presented as information pagi- --)

2. Scales used in railway .service, collaborating as necessary or desirable

with the AAR Engineering Division Committee on Electrical Facilities

—Fixed Properties.

No report.

Note: Discussion on subcommittee reports herein closes on January 18, 1971.
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3. Automatic car identification—Applications in yards and terminals and

weighing systems.

Final report, presented as information page 230

4. Urban mass transportation: (a) yards for storing and cleaning pas-

senger cars; (b) station and terminal facilities; (c) parking facilities at

stations.

No report.

5. Layout and characteristics of loading and unloading facilities for auto-

mobiles and trucks.

Final report, presented as infomiation page 232

The Committee on Yards and Terminals,

C. E. Stoecker, Chairman.

AREA Bulletin 630, November-December 1970.

(1902=1970)

Willard Abel Wood, retired senior consulting engineer of WABCO, Signal and

Communications Division, died at Pittsburgh, Pa., on 24 March 1970. He is survived

by his wife, Dorothy E. Wood; one daughter, Mrs. Virginia Wood Harbison; and

one son, Willard A. Wood, Jr.

Mr. Wood was born on 25 November 1902, at Hammonton, N. J., and was

graduated in civil engineering from Rutgers College, Class of 1924. After graduation,

"Woody," as he became known affectionately by all, joined Union Switch & Signal

Company (later WABCO Signal and Communications Division) on 2 March 1925

as a field installation wireman. A year later he became engineer—estimates in the

Commercial Engineering Department. In December 1953, he headed the Automatic

Signaling and Highway Crossing Section, then moved to manager of the Classifica-

tion Yard Application Section in November 1959. Prior to his retirement on 30

November 1967, he became a senior consulting engineer reporting to the director of

engineering in June 1964.

Throughout his almost 43 years of service. Woody worked on, or supervised,

signaling and railroad control system projects for all the major railroads of the

nation. He returned to WABCO after retirement to do extensive inventory control

work.

His work career was paralleled by an equally productive service to his com-

munity. Woody was an elder in the Swissvale Prestbyterian Church for many years,

as well as a member of the Swissvale Civil Service Commission. As vice president

of the local Midget Baseball League, he helped many youngsters grow in character.

Woody joined the AREA and Committee 14 in 1960 and was an active and

valued member.
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Report on Assignment 1

Classification yards

F. Intlekofer (chairman, subcommittee), J. K. Aust, R. F. Beck, H. R. Beck-
MANN, A. E. BlERMANN, H. L. BiSHOP, G. P. BURNS, B. E. BUTERBAUGH, G. H.
Chabot, J. F. Chandler, H. P. Clapp, B. E. Crumpler, J. L. Dahlrot, A, V,
Dasburg, F. D. Day, P. J. DeIvernois, V. F. Demarais, E. E. Frank, V. H.
Freygang, H. H. Gamble, Wm. J. Hedley, L. J. Held, F. A. Hess, J. B.
Kerby, C. J. Lapinski, \^ L. Ljungren, E. T. Lucey, S. N. MacIsaac, H. J.
McNally, J. G. Martlv, A. Matthews, Jr., R. E. Metzger, W. H. Pollard,
B. H. Price, J. M. Randles, L. J. Riekenberg, R. J. Samoska, W. D. Slater,
C. E. Stoecker, Jack Sutton, L. G. Tieman, A. J. Trzeciak, P. E. Van Cleve,
Howard Watts, Jr., D. W. Wessels, P. C. White, C. C. Yespelkis.

Your committee submits the following report as information:

A review of methods of preventing roll-out at

lower end of classification yards

There is a need for methods or devices to prevent cars from running out of the

lower end of classification yards.

A review of methods used by 14 railroads showed that the most conmion metliod

of preventing roll-outs was the use of inert (weight-activated or spring-loaded)

retarders and a short upgrade to the ladder at the pull-out end of the classification

yard. Other methods include the use of skates, but the high cost of labor is a serious

disadvantage of this method and many railroads are discarding it.

One other method uhich is quite new in this country and, therefore, experience

with it on American Railroads is quite limited, is the use of a "hydrabrake." This

device is fastened to the rail at about the location where inert retarders would be

placed. The flange of the wheel presses down on the pad of a pivoted arm. The arm

activates a piston which displaces hydraulic fluid through an orifice and so off^ers

no resistance at low speed and higher resistances as speed increases.

As mentioned above, the most popular method of preventing roll-outs is the

use of upgrade and inert retarders. The length of upgrade varies from 200 ft of

0.5% grade to 400 ft of 0.3^ grade. Comments from various railroads indicate that

the 0.5% grade is too steep as it sometimes causes cars to roll back towards the

hump and results in an impact with another car. Most railroads reported the use

of 300 ft of 0.3^ or 0.4% grade along with the use of inert retarders.

The inert retarders are usually placed at the beginning of the upgrade and

on one rail. The length and grade of the classification tracks are the two most

important factors in determining the capacity of inert retarders and length and

steepness of upgrade at the lower end of the classification yard.
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Report on Assignment 3

Automatic car identification—applications in yards

and terminals and weighing system

J. A. CoMEAu (chairman, suhcomrmUce), R. F. Beck, H. R. Beckmann, A. E. Biek-

MANN, H. E. Buchanan, E. W. Buckles, G. P. Burns, B. E. Butehbaugh, C^ H.

Chabot, M. K. Clark, E. A. Cook, J. L. Dahlhot, A. V. Dasburg, F. D. Day,
V. F. Demarais, V. H. Freygang, H. H. Gamble, G. F. Graham, D. C.

Hastings, L. J. Held, C. F. Intlekofer, D. B. Kendall, J. B. Kerry, C. J.

Lapinski, V. L. LjuNGREN, E. T. LucEY, S. N. MacIsaac, G. W. Mahn, Jr.,

J. G. Martin, A. Matthews, Jr., R. E. Metzger, W. H. Pollard, B. H. Price,

J. M. Randles, a. E. Robinson, F. Samoska, C. E. Stoecker, C. W. Silver,

W. D. Slater, K. D. Tidwell, L. G. Tieman, P. E. Van Cleve, D. W. Wes-
sels, p. C. White, C. C. Yespelkis.

Your committee submits the following progress report as information on the

applications of automatic car identification system ( ACI ) in yards and terminals,

and recommends that the subject be discontinued.

Improved yard efficiencies and performance, including total terminal control,

can be achieved by a thorough investigation of a yard or terminal to provide infor-

mation in the development of a plan for the progressive steps which should be

taken toward a coordinated yard operation. The possibilities are limited only to

the ability to plan and coordinate the most efficient use of today's technology in

automatic car identification equipment. This will depend on factors that must be

evaluated for each location, among which are the volume of the traffic and the

maintenance cost of equipment.

Strategically positioned widiin the yard, ACI scanners can capture all the

data required for an effective "real-time" control system, and an accurate, complete

reporting and recording system.

There are six major areas of consideration which reflect the logical develop-

ment of an ACI system for improved yard performance. These include the installa-

tion of scanners: (a) on the mains leading into a yard; (b) on the hump; (c) at

the bowl end of the yard; (d) on the rip tracks and shop leads; (e) at the engine

house; and (f) weighing system.

Each has operational benefits which are discussed below.

(a) Scanners located at leads in and out of the yard provide accurate "real-

time" data on inbound and outbound traffic movements. These scanners should be

located outside the yard entrance to avoid intra-yard switching movements. Infor-

mation from them can be used as a planning tool to give an accurate record of

the consist of all inbound and outbound trains and to tell precisely what is in the

train in train order by recording car movements. If the previous yard had a scanner

covering its outbound moves, it could be used for generating an advance consist.

No-bill cars would then be detected in advance of humping operations and possibly

prevent the car from being routed to the hold track where it could be delayed 24

hours or more.

With the inclusion of a computer, capable of handling the wayl)ill information

in conjunction with the ACI scanner, switch lists can be prepared automatically and

ultimately when the train leaves the previous yard. Also, data processing equipment

can be used to compile information on excessive delays within the yard.
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(b) Scanners on the hump crest verify the switch Hst and provide identity

of car movement over the hump into the classification yard needed to keep an
inventory of car movements, and prevent the generation of no-bill cars within

the yard. Wirh the coordination of the hump scanners with the scanners at the

entrances to the yard, records can be kept of the time it takes a car from its arrival

in the yard until it is humped, how frequently it is humped and the time from
humping until it is dispatched.

When ACI at the hump is combined with weight information, the total tonnage

of tracks can be determined automatically. Tracks can be combined as required and

advance notice of the to^al tonnage of a train compiled to give reasonable advance

notice to the engine house specifying the power necessary to move the train.

(c) Scanners installed at the bowl end of the yard, permit creation of an

accurate record of cars pulled from the classification yard to the departure yard,

keeping record of switching bills. The information could also be used to monitor

yard performance as an aid to yard control.

( d ) Scanners installed on the rip tracks and shop leads permit creation of

accurate "real-time" information regarding repair of bad-order cars. Maintenance
records can be simplified through the use of ACI as a recording device for equip-

ment routed into the shop for repair and to expedite the movement of these cars.

(e) Scanners located at the engine house will provide information for creating

an accurate record of mileage between servicing of each locomotive. The informa-

tion can be used for generating analytical reports to determine if units are going

to the shops for refueling or for periodic maintenance and servicing.

(f) Scanners located in conjunction with the scale on the hump, transmit the

car initial and number to the recorder where the gross weight is added and trans-

mitted for waybill data.

The scanner should be located with relation to the scale so that the car will

pass over the scale before another car will pass before the scanner.

Weighing uncoupled while classifying will reduce the number of hold tracks

previously required for weighers; this will eliminate delays in car movement due

to weigh requirements.

In summary, with the installation of automatic car identification equipment,

"real-time" operational control jjecomes possil)le and will assist in:

( a ) improving train performance;

(b) improving motive power utilization;

(c) improving car utilization;

(d) providing better service to the customer;

(e ) tracing cars at the request of customers;

(f ) reducing delay to cars caused by lack of waybill or route information;

(g) eliminating repetitive reporting.

These factors strengthen competitive positions through better service and more

effective use of plant and rolling stock.
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Report on Assignment 5

Layout and characteristics of loading and unloading

facilities for automobiles and trucks

p. C. White (chairman, subcommittee), J. K. Aust, A. E. Biermann, H. L. Bishop,
R. E. Bredberg, H. E. Buchanan, G. P. Burns, B. E. Buterbaugh, G. H.
Chabot, J. F. Chandler, H. P. Clapp, D. V. Clayton, J. A. Comeau, E. H.
Cook, B. E. Crumpler, H. H. Gamble, W. W. Gray, G. F. Graham, Wm. J.
Hedley, L. J. Held, F. A. Hess, C. F. Intelkofer, D. B. Kendall, A. S.

Krefting, E. T. Lucey, G. W. Mahn, Jr., J. G. Martin, R. E. Metzger, L. J.
Riekenberg, R. J. Samoska, W. D. Slater, C. E. Stoecker, J. Sutton, L. G.
TiEMAN, A. J. Trzeciak, p. E. Van Cleve, H. Watts, Jr.

Your committee presents as information and for future consideration as Manual

material, the following report on the layout and characteristics of loading and unload-

ing facilities for automobiles and trucks, inviting comments and criticism thereon.

This report in its final fomi will replace Sec. K, page 14-3-18, of the Manual.

1. Automobile Transport Terminal

a. General:

The loading and unloading of finished automobiles require equipment and plant

that contribute to the overall expeditious distribution from assembly plants to local

dealers. Automobile companies place a premimn on total time in transit and do

consider all aspects of equipment utilization, interest charges and delivered auto

condition.

Loading is usually accomplished at an assembly plant, on automobile company

property, by the automobile company or its contractor. The actual facilities utilized

are similar in nature to the unloading facilities. However, tliere are exceptions which

must be given consideration on an individual basis. Exceptions can vary from loading

inside the plant with multi-level cars handled by a transfer table to and from a sup-

port yard to simply driving the finished vehicle to a more conventional loading

facility located at some convenient point other than the plant itself.

Unloading, on the otlier hand, is usually accomplished by the rail carrier or its

contractor, on railroad company property, utilizing facilities provided by the railroad

company. The contractor engaged by the railroad company to actually perform the

unloading task will more than likely be the same organization engaged by an indi-

vidual automobile company to prepare and deliver units via highway to dealers. It is,

therefore, suggested that close consultation between all entities involved in the auto-

mobile distribution process be maintained during design phase in order to assure an

efficient and usable facility.

Examination of facilities now in existence discloses a wide variety of sizes,

shapes, equipment, trackage, etc., as dictated by such factors as availability of real

estate, proximity to highway networks and volumes of vehicles handled. A typical

flow diagram of an unloading area is shown as Fig. 1. Certain factors are germane

to most all auto unloading or loading facilities. They are enumerated below from

the unloading viewpoint; however, the factors apply equally as well to loading areas

given appropriate modification for volume.



Yards and Terminals 233

STRF.LT



234 Yards and Terminals

b. Location:

Location of the unloading area should be selected for its proximity to dealers

in the area to be distributed to in order to reduce highway mileage to the minimum.

It should be so located with respect to the railroads main trackage as to minimize

switching, spotting and ijulling delays. Consideration should also be given to the

potential of \ andalism so as to avoid missile damage and theft.

0. Size;

The size of the unloading facility, its trackage, ramping and vehicle storage

areas, should be large enough to handle the maximum expected load under tlie pro-

posed operating conditions. Some of the conditions to be considered are: the average

work week, type and quantity of vehicles handled and the number of agencies using

the same facilities. The atito production and distribution process by its very nature

iequires a considerable degree of advance planning, including volume predictions.

All of the auto manufacturers can and do make rather good volume predictions

which can be utilized for planning purposes.

d. Buildings:

Office space, washrooms and locker facilities should be adequate to provide for

foreseeable needs of the operation. Communication facilities required should be

provided for. Local conditions may require space for maintenance of highway tractors

and predelivery preparation of autos, including washing and undercoating.

e. Surfaces:

It is recommended that vehicular operating and storage areas be paved and be

as flat as possible, limiting loading and unloading angles to eliminate bumper damage.

Gradients sufficient to keep all accumulation of water off the area should be provided.

Parking spaces should be clearly marked in an arrangement with ample center

distances, thereby maximizing turning radii and minimizing door contact.

f. Security:

The entire area should be fenced and of such a nature as to discourage unau-

thorized entry and theft. A common solution is barbwire-topped chain link fencing.

Gating and fencing should be so arranged so as to segregate new car storage from

employee parking. To minimize the possibility of theft, one auto manufacturer rec-

ommends that new vehicles can only be driven out of the storage area over a haul-

away dock. Provision for checking employees and visitors in and out should be

made. Locking devices on all gates are recommended.

g. Lighting:

Lights should be provided for the entire area for sufficient intensity to be

adequate for loading, unloading, inspection and/or security.

h. Multi-Level Unloading Area:

This area should be placed as close as possible to the center of operations in

order to minimize travel distances.

(1) Unloading Tracks: The number and length of tliese tracks will be

dependent upon the volume of rail cars handled and tlie availability of

switching service. Rail cars and thence the autos on tliem may not always

be oriented in the same direction, thereby making it desirable to provide

for unloading multi-levels from either end. Since the backing of automo-
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biles from rail cars is not permitted, the alternatixe to providing facilities

to unload from either end of the rail car is to turn cars on a wye or turn-

table prior to unloading. This may not be desirable from an operating

or time standpoint.

Track centers and surfacing between tracks should be sufficient to

allow passage of ser\ice vehicles for the puipose of alleviating the prob-

lems of flat tires, missing wheels, dead batteries, lack of gasoline and

others that may occur with the automobiles.

(2) Unloading Equipment: Unloading equipment should allow quick drive-

off of automobiles. Where economically justifiable, the ramp should be

power controlled \ertically for adjustment to deck levels as well as hori-

zontally to adjoining tracks. Manufacturers should be consulted regarding

maximum ramp angle permitted.

At points where it is considered advisable to provide unloading in

either direction, one of two methods, other than simply turning the car,

can be employed. Ramps may be mounted on flanged wheels and rails

perpendicular to the unloading tracks. This method requires a certain

amount of switching to orient the rail cars with the appropriate ramp.

The second method is to mount the ramps on rubber tires, pave the

unloading track area, and move the ramp to the cars to be unloaded.

i. Haul-away Loading Area:

The provision of a loading dock where highway trailers can be spotted for load-

ing is recommended in order to reduce loading angle and decrease loading time. The

preference of the specific contractor should be determined to assure compatibility

with his equipment, the dimensions and extent of, or e\en the need for, this feature.

2. Truck Transport Terminal

a. General:

Factors regarding location, size, buildings, surfacing, security and lighting

enumerated above for automobiles apply equally as well to trucks. The rail equip-

ment and the placement of the trucks on the rail equipment differs. Trucks with

cabs, but without bodies, are commonly shipped in "saddleback" fashion on a

specially equipped flat car. Thus, the use of a crane is required for loading and

unloading. While the loading may be done at a plant site exclusively de\otcd to

trucks, the unloading operation can conveniently be incoiporated into and made a

part of a typical automobile unloading facility.

b. Unloading Tracks:

Truck shipping volumes being considerably less than autos, a single track set

apart from, but adjacent to, auto facilities should 'uffice. Volume and economic con-

siderations will dictate the degree of separation f om, and/or incorporation within,

auto facilities.

c. Unloading Facilities:

Trucks loaded in "saddleback" fashion must be remo\ed from the truck they

have been set upon and .secured to for transport to a le\el position on the car di-ck

before being started and dri\t-n from the car. Tlie job can be accomplished !)>• a mo-

bile crane of sufficient capacity operated adjacent to the rail car where xolnmc is light

and the need only occasional. Where \olumes require a greater degree of specializa-
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tion, it is recommended that an "A" frame crane, track mounted and electrically oper-

ated, with running rails located outside of regular track rails, be provided. The "A"

frame straddles the car to be unloaded and can be positioned to handle any car

spotted wdthin its reach. Fig. 2 details a tie layout to accommodate the "A" frame.

Access to the unloading track for pre-starting service should be given consid-

eration. Air supply sufficient to release truck brakes is a necessity.

3. Vertically Loaded Automobiles

a. General:

Factors regarding location, size, buildings, surfacing, security and lighting

enumerated for automobiles on conventional tri-levels apply equally as well to

vertically loaded small autos. The rail car itself differs from multi-level rail equip-

ment in that automobiles are loaded vertically. Five doors, holding three autos each,

on either side of the car, actually serve the comliined functions of loading, unload-

ing and securement devices. The car design requires special consideration as explained

below for one engaged in planning an unloading area for such cars.

b. Unloading Track:

The number of tracks and their lengths will be dependent upon die predicted

volume of rail cars. An area 60 ft wide is recommended on both sides of the car

to provide adequate unloading and maneuvering space. See Fig. 3 for dimensions.

c. Unloading Equipment:

The car doors themselves serve as ramps for loading and unloading; therefore,

no special fixed equipment is required. A mobile machine ha\'ing the reach and
capacity to open and close the doors must be available.
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Committee

( E ) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

No revisions to report.

2. Bibliography.

Progress report, submitted as information

3. Office and drafting practices.

No report for past year's activity. Further study in progress.

page 241

4. Special studies.

Report on progress of study of responsibility reporting, presented as

infonnation

5. Application of data processing: (a) accounting phases; (b) engineer-

in phases.

Brief status and progress report on three subjects, presented as infor-

mation

page 243

page 244

Note—Discussion on subcommittee reports herein closes on January 18, 1971.

239
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6. Valuation and depreciation: (a) current developments in connection

with regulatory bodies and courts; (h) ICC valuation orders and re-

ports; (c) development of depreciation data.

Progress report on current developments in depreciation, presented as

information page 245

7. Revisions and interpretation of ICC accounting classifications.

Progress report, submitted as information page 246

The Committee on Engineering Records and Property Accounting,

J. Bert Byabs, Chairman.

AREA Bulletin 630, November-December 1970.

Cbtoin (g. Terrell

(1908=1969)

Edwin G. Terrell, auditor of capital expenditures of the Norfolk & Western

Railway, passed away at Roanoke, Va., on July 30, 1969.

He was born on December 8, 1908, in Roanoke, and attended Jefferson High

School there. He studied law at night and passed the Virginia Bar Examination in

1932.

Mr. Terrell began his railroad career with the Norfolk & Western in 1924. He
left the railway company in 1933 and worked for the Public Service Commission

of West Virginia from 1934 until April 1942, when he returned to Norfolk & West-

ern as engineer in the Valuation Section of the Engineering Department. On Sep-

tember 1, 1965, he was appointed auditor of capital expenditures in the Accounting

Department, which position he held at the time of his death.

He joined AREA in 1965 and was an active member of Committee 11. He was

exceptionally well versed in valuation matters and thoroughly enjoyed interchanges

of ideas with his fellow Committee members.

He was vice chairman of the Official Board of Trinity United Methodist Church,

a member of the Cave Spring Lions Club and the Cave Spring Recreational Foun-

dation, a past scoutmaster of Troop 15 at Trinity United Methodist Church and

chairman of the Roanoke Scout District. He served as vice chairman of the Board

of Supervisors of Roanoke County from 1956 through 1960 and was chairman from

1960 to 1966. He was a former official of the League of Virginia Counties, a past

member of the Urban Planning Committee of the League of Virginia Municipalities,

and a member of the Roanoke County School Board at the time of his death.

Mr. Terrell is survived by his wife, Yvoare O'Dell Terrell; a daughter, Mrs.

Patricia Anderson, Roanoke; two sisters, Mrs. Dorothy Black, Roanoke, and Mrs.

Mildred Smith, South Hill, Va.; two brothers, William O. Terrell, and Lewis N. Ter-

rell, Roanoke; and three grandchildren.
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1

Report on Assignment 2

Bibliography

M. W. BoNNOM (chairman, subcommittee), P. J. Beyer, Jr., C. R. Dolan, L. D.
Farrar, a. p. Hammond, L. W. Howard, R. D. Igou, J. L. Manthey, J. J.

O'Hara, G. W. Smith, T. A. Valacak, J. J. Weisbecker.

Your committee submits the following report of progress, presenting additional

references with annotations.

OFFICE PROCEDURES

Modern Office Procedures, November 1969, pages 21-28 "Harnessing the Infor-

mation Explosion."

COM (Computer Output on Microfilm) assists the data processing manager
by switching from paper printout of computer information to microfilm.

Reprographics, November 1969, page 14. "Routing Highways by Computer
Graphics."

Highway location studies are prepared with the aid of aerial photograph and

computer technologies.

Reproduction Methods, January 1970, page 14. "Microfilm Primer—Why Micro-

film."

Latent image films may become just one of many media available for the

handling of compressed information.

Reprographics, March 1970, pages 18-21. "Color Contract Printing to Enhance
Photogrammetric Detail."

Aerial color photography, almost unheard of 10 years ago, is now becoming
more and more important in many fields of photogrammetry.

Reproduction Methods, July 1970, pages 30-37. "RM's Directory of Copiers."

Thirty copier manufacturers furnish detailed information on 153 of their copiers.

Reproduction Methods, August 1970, pages 6 and 37. "Manager's Viewpoint

—

The Forgotten Reproduction Method."

Carbon paper is still one of the most economical methods of producing distribu-

tion and file copies.

Reproduction Methods, August 1970, pages 13, 36 and 37. "Microfilm Primer

—

Microfilm Processing, Duplicating and Reading."

The .selection of a microfilm processor is just as important as the selection of

the camera.

TAXES

The Jounud of Accountancy, April 1970, pages 45-52. "Theoretical Concepts

For Interpreting The Investment Credit."

An examination of the two main methods of interpreting the investment credit

(the subsidy concept and the reduction of income tax concept) reveals that there

is a possible third which is supported by current accounting theory—the RTE
4-6-8 method.

The Journal of Taxation, May 1970, pages 307-310. "Tax Reform Act of 1969

Provides New Special Tax Benefits for Railroads."
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The article explains three main l^enefits for tlie railroad industry that are

included in the Tax Reform Act of 1969, namely, rapid amortization of certain rollinj»

stock, amortization deductions for railroad grading and tunnel bores, and increased

deductions for rehal)ilitation of rolling stock.

VALUATION

Engineering News Record, March 21, 1970, pages 74-93. "EN-R Indexes of

Cost Trends 1913-1970."

The latest trends in building cost indexes.

Building equipment cost indexes.

Heavy construction price indexes.

American Appraisal, Clients' Service Bulletin, April 1970. "Meeting Property

Information Needs Through The Computer."

Computerization of property records will provide management with control over

the corporation's largest single asset.

The Appraisal Journal, July 1970, pages 424-438. "Valuation Education For

Valuers—Assessors and Appraisers."

Explains why it is necessary to have highly competent personnel as assessors

and appraisers.

The Appraisal Journal, July 1970, pages 455-460. "Building Costs and Trends."

Dow building cost calculator—summary for United States with Canadian com-

parisons.

Engineering News-Record, June 18, 1970, pages 78-130. "2nd Quarterly Cost

Roundup—Construction Cost Inflation Knows No Bounds."

The latest trends in building cost indexes.

The four "M's" of Construction.

ACCOUNTING

American Appraisal, December, 1969. Clients' Service Bulletin, Vol. LXVI,

No. 6.

Pooling of interest concept in accounting might be on the way out.

GENERAL

Operations and Maintenance Department, Association of American Railroads,

Washington, D. C, October 1969. "Railway—Highway Grade Crossing Protective

Devices."

Digest of State provisions for allocation to railroads of the costs of construction

and maintenance where Federal funds are not used.

Railway Age, April 13, 1970, page 62. "Track Maintenance and the Money

Problem—New Accounting Plan Ahead?"

Depreciation accounting for the roadbed or goxernment ownership might be

necessary to correct deferred maintenance.

Management Services, May-June 1970, pages 37-45. "Quality Control of Data

Through Statistical Control."

Sampling techniques for quality control, common in industry and in financial

auditing, could equally well be applied to all data flowing through a system. The

article examines two basic techniques for control of data.
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Modem Office Procedures, July 1970, pages 15-17. "Are Computer Time-Sharing

Services Right For You."

A distinguished panel of experts express their views on the advantage and dis-

advantages of sharing computer time.

Management Services, July-August 1970, pages 29-36. "Using PERT In

Accounting Reports."

Even though many CPA's have made heavy use of PERT ( Program Evaluation

and Review Technique) for their clients, comparatively few have used it for their

own internal project management. Yet it is a logical method of solving problems

the accountant encounters.

Report on Assignment 4

Special Studies

R. L. E.\LY (chairman, subcommittee), P. L. Con\\ay, Jr. (assisiant chairman), R. O.
Bassett, H. C. Bolev, C. E. Bynane, P. R. Holmes, W. C. Kanan, W. H.
Kiel, F. J. Merscher, J. M. Morgan, J. J. O'Hara, F. A. Roberts, R. S. Shaw,
Jr., E. E. Strickland, J. J. Weisbecker.

Report on responsibility code reporting

"Responsibilit>' reporting" is a method of assigning costs for work to the party

or parties who are responsible for the expenditure. The mechanics of setting up such

a system, assigning responsibilities and assuring that the proper expenses are charged

to the responsible parties is rather complex. In order to better understand this system

we will take a look at some of the structures of this system.

What are the uses of such a system? Most engineers are aware that most capital

expenditures are budgeted for, prior to their inauguration. Many roads are now
becoming aware that this shoidd also be true of operating expenses, and that in order

to control expenses it is necessary to know what the money is being spent for. With

a limited amount of money to spend, it becomes a matter of priorities, and with a

l)udget and a means of accumulating cost, a comparison can be made as to whether

the budget is being adhered to.

It is also possible to accumulate costs for similar operations using different types

of equipment to compare the efficiency of the equipment, thus enabling a decision

to be made on the purchase of future equipment.

Cash management is another important use of this system.

How is the information gathered for the reports?

Each physical location and office is assigned, through a uniform system, a unique

number. These numbers will fall within a numerical group assigned to a higher

responsibility level so that the costs can be determined not only for specific locations

but for departments. All requi.sitions and labor distribution have the responsibility

code entered and then these are accumulated for the period of reporting.

Various railroads have instituted this system. Some roads have fully instituted

systems, other roads are iuNolvcd to a les.ser degree.

What use is made of a computer in this system?

Until the computer became a tool, the mass of detail made it impractical to
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try to pin-point expenditures. Now with a computer it is possible to handle each

transaction.

Results from the survey of several railroads show a num1)er of types of com-

puters in use for responsibility rcportin.y; however, the 360 system seems to l)e the

one most prevalent in use.

The sources of data for input?

Depending on the extent of use of the system, the data submission is quite

varied. Data ranges from only labor reporting, made by use of postcards, on a daily

basis in one instance and the reporting of only vouchers and material issues in

anotlier, to the draw-off from magnetic tape of all costs in other more sophisticated

systems.

Data can be introduced into the computer in a variety of forms, such as punched
cards, magnetic tape, discs, etc.

Reporting data ranges from labor only and material only to the assignment of

all costs including retirement credits to a responsibility code. Some systems also

report in ICC accounts.

Output reports are in various forms.

Detailed charge reports are made to the individual responsibility person or

gang and a detailed and summarized report to the next higher responsible office,

etc., so that tlie upper levels of management will not be burdened with a mass of

detail that would require considerable time to analyze.

The difficulties that have been encountered are not of a major nature but should

be pointed out. One difficulty is the assignment of responsibility, that is, specifying

who is the responsible party. Another, particularly in the complex systems, is the

education of the personnel whose duty is showing the responsibility number on the

reporting documents. Also, a surveillance is needed in this area. The identification

of individual charges to a responsibility code is also a problem, especially when
those charges originate outside of that office.

This study is being continued and further detailed reports will be made so that

each railroad may have the results of benefits received from different systems.

Report on Assignment 5

Application of data processing

L. F. Grabowski (co-chairman, subcommittee on Accoiniting Phases), H. C. Boley
(co-chairman, subcommittee on Engineering Phases), J. B. Byars, C. E. Bynane,
P. L. Conway, Jr., C. R. Dolan, R. L. Ealy, W. V. Eller, A. P. Hammond,
W. H. KiEHL, J. G. Kirchen, W. A. Krauska, F. J- Merscher, J. M. Morgan,
B. F. Nauert, G. S. Rogers, J. B. Styles, H. R. Wu^liams.

DATA PROCESSING AND RESPONSIBILITY REPORTING

A short report on "Responsibility Reporting" was made by this subcommittee

at the March 1969 meeting. A method of control of expenditures identified by some

roads as "Responsibility Accounting" has. been initiated by a number of railroads.

The study of this subject has been assigned to Subcommittee 4. As information and

procedvu'es are developed and assembled. Subcommittee 5 will lend any assistance

desired to coordinate the data processing aspects that will produce pertinent data

required by management for budget control and money flow.
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MECHANIZATION OF PROPERTY RECORDS

Increasing interest in being indicated in the area of average pricing of track

accounts, and the subsequent mechanization of the vahiation records for these imits

and their corresponding investment dollars.

The progress of a program of average pricing is being delayed by many roads

pending a study proposing revised and simplified requirements for future ICC

reporting.

Also tied into this v^^ork is the study of mechanization of track records and

mileage statistics.

MECHANIZATION OF DEPRECIATION DATA

Several roads, and die ICC, are studying the application of data processing to

"life studies" of road property. The two methods being experimented with are

"Simulated Plant Record Metliod of Life Analysis" and "Period Retirements Metliod

of Life Analysis." Although good results have been obtained by several companies,

it is too early to predict an acceptable product for all concerned. The studies will

be reported on more fully in the coming year.

Report on Assignment 6

Valuation and depreciation

C. E. Bynane {chairman, subcommittee), W. M. Berryman, P. L. Conway, Jr.,

W. V. Eller, L. F. Grabowski, M. J. Hebert, P. J. Hendricksen, E. H. Hof-
MANN, p. R. Holmes, L. W. Howard, N. J. Hull, Jr., R. D. Igou, J. G. Maker,
D. C. Maris, J. B. Styles, H. R. Williams.

(A) CURRENT DEVELOPMENTS IN CONNECTION WITH REGULATORY BODIES AND COURTS

ICC Bureau of Accounts

During the fiscal year 1970 the Commission continued its 5-year cyclical review

of depreciation orders, and the Accounting and Valuation Board issued 30 railroad

depreciation orders.

Special depreciation studies of Account 26—Communication Systems, Account

27—Signals and Interlockers, Account 37—Roadway Machines, and Account 44

—

Shop Machinery, were ordered for 14 railroads during fiscal 1970.

All interested railroads are invited to participate with the ICC Bureau of Ac-

counts, Depreciation Branch, in a study of the application of data processing to

"life studies" of depreciable road property.

Internal Revenue Service

The Tax Reform Act of 1969 included se\'eral changes of importance to rail-

roads. Added to the Internal Revenue Code was Code Section 49 repealing the

investment tax credit and precluding any property acquired after April 18, 1969.

from qualifying for the investment credit. Tliere are some few exceptions with respt-ct

to so-called "preterinination" property.

Code Section 184—Amortization of Railroad Rolling Stock, provides that cer-

tain rolling .stock, original use of which commenced with the taxpayer, may be writ-

ten off over a 60-month period and applies only to rolling stock placed in scr\ice
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after 1969 and before 1975. Rollinjr stoek placed in ser\'ice in 1969 may qualify for

a 4-year write oil.

Code Section 185—.Amortization of Railroad Grading and Tunnel Bores, pro-

\ides that a railroad may elect to write olF o\er a 50-year life grading and tunnel

bore costs incurred after 1968. This provision is ellecti\'e for taxable years beginning

after 1969.

New Section 263 (e) provides that for taxable years beginning after 1969

railroads are permitted to currently deduct rehabilitation expenses in connection with

any unit of rolling stock (except locomotives) if the total of those costs in any 12-

month period does not exceed 20% of its unadjusted basis.

(B) ICC VALUATION ORDERS AND REPORTS

The special ad hoc committee appointed to review ICC Valuation Orders is

continuing its review of Valuation Order No. 3.

Report on Assignment 7

Revisions and interpretations of ICC Accounting Classifications

R. D. Igou (chairman, subcommittee), R. O. Bassett, W. M. Berryman, M. W.
BoNNOM, J. M. Bourne, P. L. Conway, Jr., N. J. Hull, Jk., J. W. Kelly, J. G.
Maker, D. C. Maris, J. C. McKeague, F. A. Roberts, T. A. Valacak.

This is a progress report, presented as information.

Reference made to the Bureau of Accounts, Interstate Commerce Commission,

Accounting Series Circular No. 138 appearing on page 501 in Bulletin 624, Decem-
ber 1969, should read Circular No. 139 instead of Circular No. 138. The subject

matter remains the same.

The ICC Bureau of Accounts issued the following Accounting Series Circulars:

Circular No. 141, issued November 7, 1969^—Provides for consistency

in reporting operating expenses, rents and taxes separated between freight

and passenger service.

Circular No. 136, Supplement No. 2, issued January 5, 1970—Applies

the intent of Accounting Series Circular No. 136, dated December 3, 1964,

to the estimated amount of wage increases and other benefits applicable to

die year 1969 for employees affiliated with shop unions still under negotiation.

Circular No. 142, issued May 28, 1970—Provides instructions to clarify

the recordkeeping required in accounting for Incentive Per Diem Charges

—

1968, by the Commission's notice and order in Ex Parte No. 252 (Sub. No.

1), published in the Federal Register December 31, 1969.

Circular No. 143, issued September 7, 1970, notifies that—Effective Sep-

tember 1, 1970, hire of freight cars, previously based on time only per diem

rates, will be based on per diem consisting of time and line-haul mileage,

pursuant to the Commission's order in Docket No. 33145, Railroad Freight

Car Per Diem Charges. This Circular also provides revised accounting pro-

cedures relative to the revised rates.

The ICC issued a Revised Notice of Proposed Rulemaking, dated August 24,

1970, under Docket No. 32153, which modified the Conuuission's original Notice
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of Proposed Rulemaking, dated October 7, 1969. The revised Notice states that the

Commission now has under consideration modified proposed amendments to the Uni-

fomi System of Accounts for Railroad Companies, to be effective as of January 1,

1971.

The intent of the proposed revisions is to give proper recognition ( not pro-

vided in current regulations) in the primary accounts of the effects of certain tech-

nological changes that have occurred in the railroad industry respecting, among
other things, the substantial investment cost of tenninals and highway equipment

which are now being used extensively in TOFC/COFC (piggyback) service, the

expanding utilization of special-purpose automotive vehicles in the maintenance of

way and structures, and the modernization of railroad equipment.

The ICC order dated May 28, 1970, under Docket No. 31358 was issued to

establish the eftectixe date as September 1, 1970, of the Commission's order dated

January 17, 1968, coxering time and mileage freight car per diem charges.

The ICC notice and order dated December 12, 1969, served December 22,

1969, in Ex Parte 252 (Sub. No. 1), Incentive Per Diem Charges—1968, covers the

Commission's interim report containing its tentative findings of fact and provisional

conclusions thereon, including the proposed rules and regulations.

The ICC order dated April 28, 1970, in Ex Parte 252 (Sub. No. 1), Incentive

Per Diem Charges—1968, made final and effective June 1, 1970, the interim report

dated December 12, 1969.

The ICC order dated September 1, 1970, modified its order of April 28, 1970,

in Ex Parte No. 252 (Sub. No. 1), Incentive Per Diem Charges—1968, pending

reconsideration.
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Committee

i E ) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chainnan and

secretar\-, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

(a) Revision of Handbook of Instructions for Care and Operation of

Maintenance of Way Equipment.

This work has been completed, and the revised version is in the

hands of the Executive Manager for further handling.

2. Improvements to be made to existing work equipment.

Progress report, presented as infonnation

3. Study of recommended practice for training supervisors, mechanics and

operators to obtain desired production and improve operation of road-

way machines.

Study in progress, but no report

4. Machine design.

Study in progress, but no report

5. Aspects of data processing for work eqmpment, collaborating as neces-

sary or desirable with Committee 32.

Study in progress, but no report

249

page



250 Maintenance of Way Work Equipment

6. Rail heaters and coolers for layinji continuous welded rail, collahoratinj^

as necessary or desirable with Connnittee 31.

Stndy in progress, but no report.

The Committee on Maintenance of Way Wohk EguiPMENT,

C. R. Turner, Chuiniuin.

AREA Bulletin 630, November-December 1970.

Report on Assignment 2

Improvements to be made to existing work equipment

K. E. Henderson (chairman, stibcommittec), J. ^^ Adams, C. M. Deal, V. L. Emal,
R. A. HosTETTER, C. Q. JEFFORDS, E. W. Knight, R. W. Patton, T. R. Rigsby,
R. T. RucKMAN, J. T. Smith, M. M. Stansbury, J. P. Zollman.

Your committee submits the following recommendations pertaining to improve-

ments to be made to existing work equipment

Pneumatic Dual Spike Drivers

Replace /2-inch standard bolts with 9/16-inch hardened bolts to prevent failure

of guide tube cap.

Tie Saw

Crank wheel shaft fits into outer bearing only M inch. Where bearing fits into

saw housing front cover, bore % inch deeper so bearing can be pressed further down
on the shaft, giving Js-inch bearing; a ?8-inch spacer can then be added to the outside

of the bearing to take up the slack.

Rubber-Tired Mobile Crane

Replace all fuses with circuit breakers enclosed in standard electrical switch box

located in cab. Replace wiring with heavier wiring enclosed in standard loom con-

tinued to within 2 inches of component, color coded. Use standard automotive-type

gromets where wires pass through metal except where main harnesses pass through

firewall and circuit breaker box, plastic insulators to be used at these locations. All

looms and wires supported every 10 inches by rubber-insulated wire clips.

Headlights should be mounted on a bar attached to the front of the cab 20

inches abo\'e deck plate to prevent breakage.

Panel should be installed to receive four individual gauges to replace present

cluster gauge, as this unit is too costly to maintaia

Install mechanical lock on swing table to axoid boom and bucket from swinging

into other traffic while traveling on public roads in event of chain breakage, cylinder

leakage or failure, or accidental striking of control lever.

Swing-table-to-frame mounting bolts should be changed to grade 8, as anything

less rapidly elongates. Axle assembly mounting bolts should be changed to grade 8.
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Grease fittings to be recessed into pins on all boom and bucket pins to avoid

constant breaking of fittings and pin not being lubricated.

Eyes on ball housing assemblies which receive tie rod pins should be bushed

with /8-inch wall hardened and ground steel bushings.

Rotary Brush Cutter

Cutter head shields should have 1-inch x 1-inch x /4-inch angle iron around

outer edge and welded to sheet metal shield to avoid constant shield deterioration.

Shield material should be increased to 3/16-inch thickness.

Install shield over emergency hydraulic pump to avoid fires from combustibles

building up on electric motor.

Both inner and outer booms should be made from 3/16-inch steel instead of

present is inch.

Sockets in upper and lower boom sections which hold lift cylinder pins are now
gussetted parallel to boom section. These should also be gussetted at right angle to

present gussets.

Cutter head motors should be changed from present rotary gear to vane type to

better \\'ithstand impact.

Vibratory Tampers

Front bumper should be added to protect vibrators. Rear bumpers should be

added to protect oil cooler when mounted on rear of machine.

Production Tampers

Apply split cylinder wedge plate to jack frame extension cut to fit small outside

jack cylinder. On lower end of jack cylinder, add /4-inch strip around outer edge of

lower plate and slot bolt holes to accept smaller jack cylinder. This modification

allows interchangeable use of either small or larger outside jack cylinder.

Add 18-inch fan to center roof support immediately above operator's seat to

protect him against dust when working fouled ballast in dry weather.

Add fire extinguisher cabinet bolted to inside of right center roof support and

resting on top of the main control junction box.

Tie Injector

Main roller guide frames should be braced on outside to keep roller frame from

spreading out. Plastic air lines should be replaced by copper tubing. Add manually

operated bleed-off of accumulators as a safety measure when engine is shut down.

Inserter arm needs to be structurally stronger, particularly at ram connections. Tie

conveyor chain is weak. Use roller chain instead of link chain to simplif> repair.

Tie Inserter

Provide portable turntable similar to that used witli heavy motor cars, along

with carrier rack on machine so unit can be turned on job when going into areas

requiring ties to be inserted from opposite side of track. Reverse hydraulic hose to

cable control .so that winch pulls tie in when control lexer is pulled toward operator.

Tie Sprayer

Reinforce tank and spray head roller assenibU. Add hand-operated crane for

handling creosote barrels.
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Track Liner

Install a 1-incli bolt through middle of wear block and spot-weld bolt and

wear block to spud gvu'de casting on models with this arrangement. This will prevent

wear block from coming loose causing damage to guide casting.

On models using main frtune roller guide, replace hollow tubing under main

frame with solid half-round for longer service. Four short slide blocks on platform

frame should be replaced with full-length solid bar for longer service life. Short

angle iron guides on main frame which ride on the slide blocks should also be

replaced with full-length heavy angle iron, thus providing long, maintenance-free

service life.

Track Lining Light

Better support is required along with locking device to protect engine and

alternator from damage when machines are in transit.

Tie Shear

Main frame to anti-derail wheels is weak. Reinforcing gussett on rear should

be increased from 3/16 inch to M inch and made larger. Changing shear blades takes

too long. Modification needed to materially reduce time required.

Side Boom Crawler Tractor

Machine comes from factory with counterweights on right side and removable

side boom on left side and is awkward to handle. This can be corrected by removing

counterweights and installing hydraulically operated outrigger on left side. Mount
boom permanently on left side, hinged in the middle so it can be folded crosswise

over top of machine. Use hydraulic cylinders on hinge side to raise and lower top

half of boom and square taper pins on opposite side to hold top and bottom sections

in upright position. Install hydraulic cylinder to swing boom away from machine.

Add box for blocking, cutting torches and tools; brackets for cables and hooks; and

protective guards for operator.
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CORRECTION

Bulletin 630, November—December 1970

Part 1—Manual Recommendations—Page 1 1 1

(5.1 Specifications for Pipelines Conveying Flammable Substances)

5.1.4 CASING PIPE

Casing pipe and joints shall be of metal and of leakproof construction, capable

of witlistanding railway loading. The inside diameter of the casing pipe shall be

such as to alow die carrier pipe to be removed subsequently without disturbing

the casing pipe. All joints or couplings, supports, insulators or centering devices for

the carrier pipe within a casing under railroad tracks shall be taken into account.

Table 5.1.4.1

Minimum Wall Thickness for Steel Casing Pipe for E 72 Loading

Nominal Notninal

Thickness Diameter
Inches Inches

0.188 Under 14

0.219 14 and 16

0.250 18

0.281 20
0.312 22
0.344 24
0.375 26
0.406 28 and 30
0.4.38 32
0.469 34 and 36
0.500 38, 40 and 42

When casing is installed without benefit of a protective coating, and said casing

is not cathodically protected, the wall thickness shown above shall bo increased to

the nearest standard size which is a minunum of 0.063 in. greater than tlie thickness

shown except for diameters under 12?4 in.

253
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Ground Rules for Discussion Section

Coninients on the reports and papers published in the four technical issues of the

AREA Bulletin, by either members or non-members, are invited. These comments
will be printed in a special discussion section located in the back of the Bulletin

and in accordance with the procedures outlined below. The purpose of the section

is to stimulate greater interest in the published reports and papers and to offer to

those not involved in their preparation the opportunity to present their thoughts

on the difiFerent subjects, whether pro or con, based on their knowledge and

experience.

For the information and guidance of all concerned, here are the ground rules

adopted by the Board of Direction for handling and publishing comments on AREA
published papers and reports:

• Letter containing comments must be addressed to executive manager, be

received by the deadline published with paper, contain identification number of

paper or report, and be identified with writer's signature, typed or printed name,

title, company and full address, including zip code.

• Reader's comments will be forwarded to author or appropriate committee

for further comments or rebuttal.

• Both reader's comments and author's reply wiU be published at the same

time and in the earliest Bulletin having space available.

• All conaments must be in good taste, add to discussion on the subject of

paper or report, and be constructive in nature.

• Board Committee on Publications will be the review or mediation group

should some problem or sometliing questionable arise.

• After deadline, no furdier comments on a particular paper or report will

be accepted for pubhcation, unless extenuating circumstances exist.

Identification number of papers open to discussion will be located near the

tide and must be used in comments to positively identify the paper to which they

refer. Comments on committee reports should refer to the proper committee and

assignment numl)ers.

Deadline for comments will be given in a footnote on the first page of the

paper or committee report, the latter covering all of the subcommittee reports of

that particular committee. In general, this deadline will be approximately 90 days

after date of issue. However, this will vary to some extent because the intervals

between issues of the Bulletin are not constant throughout the Association's publica-

tion year, which extends from September to July, inclusive.

The Board of Direction feels that, with the cooperation and interest of all

concerned, discussions on papers and reports published by the Association should

prove to be both stimulating and informative.
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Report of Committee 1—Roadway and Ballast

M. B. Hansen, Chairman

G. F. Nigh,
Vice Chairman

E. L. Robinson,
Secretary

C. E. Webb
F. L. Peckover
G. E. Ellis
N. E. Whitney, Jr.

W. M. Dowdy
E. E. Farris

J. B. Wackenhut
J. A. Goforth
D. H. Yazell

A. G. Altschaefel
L. W. Anderson
H. C. .\rchdeacon
M. L. Atkins
R. D. Baldwin
H. E. Bartlett
C. W. Bean
G. \V. Becker
R. H. Beeder
F. X. Beighley
C. R. Bergman
D. L. Bloem
R. H. Bogle, Jr.

E. W. Burkhardt
S. F. Burmeister
D. H. Cook
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J. B. Farris
G. C. Fenton
W. T. Hammond
E. M. Hardin
G. B. Harris
T. J. Hernandez
P. R. Houghton
H. O. Ireland
W. P. Jones

E. C. Jordan
R. J. Kemper
C. F. King
J. H. Kirch
H. W. Legro (E)
W. D. Lovell

J. K. Lynch
P. G. Martin
W. C. McCORMICK
F. H. McGuigan
H. E. McQueen
Paul McKay (E)
H. E. Moore
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J. E. Newby
F. P. Nichols, Jr.

R. H. Peterson
W. B. Peterson
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H. E. Richards
N. B. Roberts
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R. H. Uhrich

Committee

( E ) Member Emeritus.

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretan.', are the subcommittee chairmen.

To the American Railwaij Engineering Association:

Your committee reports on the following subjects:

1. Roadbed.

Progress report, submitted as information page 256

Ballast.

Your committee has been active in developing a laboratory and field

procedure to qualitatively evaluate ballast material. While no further

progress can be reported at this time, we are planning exploratory meet-

ings with representatives of the Department of Transportation. Through

these meetings, it is hoped we can coordinate our activities and take

advantage of tests of the same type that the Department is planning to

progress in the near future.

Note—Discussion on suhcnmniittee report herein closes on May 1, 1971.

25.5
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3. Natural Watenvays.

Study in progress to review pages 1-3-3 to 1-3-7, Chapter 1 of the

Manual, involving drainage areas and computation of the size of water-

way openings.

4. Drainage and Culverts.

Additional Manual material submitted for adoption was published in

Part 1 of Bulletin 630, November-December 1970.

5. Pipelines.

Revision of Part 5, Pipelines, Chapter 1 of the Manual, submitted for

adoption, was published in Part 1 of Bulletin 630, November-December
1970.

6. Fences.

Study in progress to update and convert Manual to decimal format.

8. Tunnels.

Study is in progress on Assignments (a) \^enti]ation, (b) Methods to

Increase Clearance and (c) Mediods of Open Cutting. The committee

is keeping in touch with the Big Walker Mountain Tunnel Project on
1-77 in Bland County, Virginia, viewing all phases of the construction

methods and techniques.

9. Vegetation Control.

Publication of the report on brush control is being deferred until gov-

ernment agencies arrive at a common understanding regarding the use

of 2,4,5-T. Aldiough 2,4,5-T has been cleared for use on rights-of-

way, it has not been cleared for use along drainage and irrigation

ditches. Inasmuch as most railroads have a large number of such ditches,

the committee deems it necessary to wait for additional information.

The Committee on Roadway and Ballast,

M. B. Hansen, Chairman.

AREA Bulletin 631, January-February 1971.

Report on Assignment 1

Roadbed

F. L. Peckover (chairman, subcommittee), G. W. Deblin, W. P. Eshbaugh, J. B.
Fabris, E. M. Habdin, H. O. Ireland, W. P. Jones, E. C. Jordan, H. W.
Legro, F. H. McGuigan, W. G. Murphy, J. E. Newby, S. R. Pettit, P. J.
SEroEL, W. M. Snow, W. J. Sponseller.

Your committee submits the following revision of parts of Chapter 1, Part 1,

of the Manual for information and discussion. A complete revision of this Part is

being prepared in two stages. The first stage, presented here, includes information

on Exploration and Testing, and Design. The second stage, in preparation, includes

information on Construction and Maintenance.
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The first stage of ie\ ision here presented is for information and \\ ill be recom-

mended for adoption and publication in the Manual with any changes raised by

discussion and appro\ed by the committee, or required for coordination with the

sections on Construction and Maintenance.

This presentation is a complete rearrangement and revision of existing Manual

material together with new material assembled under this assignment.

Part 1

Roadbed

FOREWORD

Since the development of soil and foundation engineering as an important branch

of civil engineering during the past few decades, earth and rock have come to be

treated as construction materials. They have properties which can be evaluated and

they are subject to strains and failures in the same way as other building materials.

Earth and rock are different, however, from such materials as steel and concrete

in one fundamental way of which the designer should always be aware: each soil

and rock deposit is extremely variable and has its own characteristics which reflect

its origin and the factors affecting it since. As a result, investigation and testing

are uniquely important if soils and rock are to be used economically and safely in

engineering work.

This Part of the Manual is prepared with recognition of the importance of geo-

technical knowledge in the design, construction and maintenance of track. The sub-

grade is considered to be as important to track performance as the rail and ballast.

Keeping this balanced point of view in mind, an engineered approach is presented

for many roadbed problems rather than reference to standard practice.

The choice of available methods is given along with an evaluation of the judg-

ment factors imolved in many of the questions relating to the design and construc-

tion of new roadbed and the upgrading and maintenance of existing roadbed. Con-

siderations such as drainage and slope stability which affect the roadbed directly

but are centered outside its physical limits are included.

Because of the \ariety of foundation conditions which occur and their asso-

ciated problems, a number of references are given. Details of methods are presented

only when adeciuate information is hard to find elsewhere. Specialized help is advis-

able when a detailed appraisal of the suitability and performance of particular deposits

is required.

CONTENTS

Section Page

1.1 Exploration and Te.sting 2.58

1.1.1 Ceneral 2.58

1.1.2 Preliminary Exploration 258

1.1..3 Detailed Exploration 2fiO

1.1.4 Sampling and Testing 262
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1.2 Design 266

1.2.1 General 266

1.2.2 Cuts 266

1.2.3 Fills 276

1.2.4 Drainage 281

1.2.5 Roadbed 285

1.3 Construction (to be prepared)

1.4 Maintenance (to be prepared)

1.1 EXPLORATION AND TESTING

1.1.1 GENERAL

This section describes steps required to assemble sufficient information on site

conditions so that a suitable design of roadbed with cuts, slopes and drainage, can

be made and construction can proceed. With some change in emphasis, the same

steps can be applied to investigations for structural foundations and earthworks.

Site investigations are usually done in two phases:

(1) Preliminary—Review of information available from published sources

and previous investigations, supplemented by site reconnaissance.

(2) Detailed—Collection of detailed knowledge of soil, rock and ground-

water conditions by exploration and sampling, field measurements and

laboratory tests.

1.1.2 PRELIMINARY EXPLORATION

1.1.2.1 Information Available

Depending on tlie extent of the project, geological, climatic and other informa-

tion from published sources may be useful in planning exploration work and inter-

preting site observations. The types of such information, source and use are given

in Table 1.1.1.

In developed areas, information from previous local observations may be par-

ticularly useful. Available information may include record of site exploration, wells,

ground water conditions, floods, and the construction and performance of structures.

1.1.2.2 Air Photographs

Air photographs at various scales are available for most states from the U.S.

Department of Agriculture. Photo mosaics can be assembled and used in intensive

studies of site conditions. Photos on a large scale may be required for detailed studies

and can be obtained on order.

Stereoscopic viewing of overlapping air photographs assists in recognizing land-

forms, landslides, general soil types, drainage and erosional features. Air photo inter-

pretation can aid in supplementing ground observations and help in planning an

appropriate site investigation program. It should be remembered that as air photos

only show conditions at or near the ground surface, they cannot be used dependably

to give detailed information for design.
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Table l.U

Sources of Site Information

Source
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drainajff characteristics by an experienced perscm. Soil and rock exposures should

be examined in detail and the interrelation of difFerent deposits, their physical char-

acteristics and their ellect on construction operations should be assessed. Factors such

as slope stability, weathering and seepage can usually be evaluated in the field much
better than widi samples in a laboratory. A particular warning is shown by tlie

presence of soft ground, soils which become weak when disturbed, ground water

seepage and eroding earth banks. Unstable ground calls for special observations, and

these are discussed in Section 1.4, Maintenance.

From reconnaissance of the site, information available from other sources and

die nature of tlie project, a decision can be made on the need for detailed exploration.

Answers will be required to questions such as:

Are excavated materials suitable for fills?

If not, where are the nearest sources of suitable borrow?

Are standard roadbed sections and slopes suitable?

What type of excavation procedures can best be used?

Can excavation and replacement of unsuitable materials be avoided?

Will instability, drainage or erosion problems influence the design?

What are foundation conditions for stmctures?

If the project is large or sensitive to site conditions, it will probably be advisable

to retain the services of a geotechnical engineer at this stage to assist in planning

the most economical construction.

1.1.3 DETAILED EXPLORATION

1.1.3.1 Fill Foundations

Fill foundations are explored so that fills may be designed to avoid failure of the

subsoil or excessive settlement of the fill. For this purpose the subsoil conditions

should be explored to a depdi at least equal to the width of the proposed fill or to

competent material.

In general the exploration of the fill foundation should be accomplished with

test boring and sampling techniques. The exploration program should be governed

by the kinds of materials present. In the case of sands and gravels, it is usually

adequate to determine the standard penetration test resistance and obtain a descrip-

tion of the materials. In softer materials it is important to obtain suitable samples

for laboratory tests of their shear strength characteristics; die unconfined compressive

strength will generally suffice in cohesive materials. In some instances, such as

unusually soft fine-grained soils, a program of vane shear testing conducted in place

may be desirable to supplement die boring and sampling program. Refer to Article

1.1.4 for exploration, sampling and testing procedures.

If the alignment of a proposed fill is optional, it may be possible for comparative

puiposes to explore alternative locations by means of geophysical methods that can

indicate the depth to bedrock or much denser materials. However, the interpretation

of geophysical data requires considerable expertise and supplementary test borings,

and should only be used by someone skilled in this work.

1.1.3.2 Cuts

For purposes of design the stability of cut slopes is estimated in order to choose

suitable arrangements of slopes and berms. In soils this calls for suitable samples
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and appropriate laboratory tests to find the shear strength charaeteristics of the mate-

rials. This is usually not a problem in sands, as disturbed samples and standard pene-

tration test \alues are adefjuate. In clayey or silty soils, however, it may be necessary

to obtain undisturbed tube samples for laboratory tests which should include classi-

fication tests, natural \\ater content and shear strength. Exploration should be car-

ried below the bottom of tlie cut. This is most important for the design of stable

cuts in bodi cohesi\e materials and rock.

Particular care should be taken to identify cohesionless layers that might become

water-bearing in certain seasons, as these can be expected to erode backward from the

face of the cut, causing local instability or build-up of excess water pressure leading

to failure by lateral spreading.

The exploration program should find the level of the groundwater table and

efforts should be made to find whether or not perched water tables exist. In some

instances this may require rather elaborate investigation, including the installation

of standpipes at selected locations.

The exploration program should provide sufficient information to classify reliably

the materials likely to be encountered, particularly when some might be classified as

rock excavation. If rock is encountered above grade, the rock should be cored and

the cores should be carefully described (see Table 1.1.2).

If the cut is of major dimensions and predominantly in rock, it is recommended
that an engineering geologist be engaged to investigate the joint patterns and the

strike and dip of the area, as the joints and fractures within the rock are of primary

importance in determining the most economical and suitable cut slopes.

The subsurface exploration of cut areas should also provide information on the

suitability of the materials for use in adjacent fills. Procedures described in Article

1.1.3.4 may be used for tliis purpose. Most materials, howe\'er, can be utilized in

fills with the exception of highly organic soils, distinguished visually, and soils that

have a natural moisture content considerably above the optimum water content for

compaction.

A knowledge of the geology of an area is useful to indicate the necessity for

<idditional tests of a specialized nature. For example, some geological formations

have swelling characteristics and should be investigated. The presence of swelling

materials may be of considerable importance in the stability of cut slopes as well as.

in the perfonnance of a compacted fill.

1.I..3.3 Roadbed

Natural materials forming subgradc .should be explored to assess their .suitability.

They should be classified and tested to find water content and remolded strength

with due allowance for seasonal influences.

1.1.3.4 Construction Materials of Earth and Rock

Borrow areas for earth construction materials are often in\estigated by augers

supplemented by test pits. Relatively large samples are required for man>- of the

tests to be performed on borrow materials, which include grain-size anai\sis, natural

water content, and laboratory compaction tests to find the maximum dr\- densit\' and

optimum water content.

It is of primary importance on major projects to \erif> the full extent of the

proposed borrow area if large quantities of materials are required, ihis may recjiure
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test boring and sampling. Wliere the borrow area may be underlain by bedrock,

geophysical methods may provide a convenient means of assessing the amouTil of

available material.

Construction with .select granular fill usually presents no problems because this

is usually obtained from commercial sources and meets certain speeification.s. If pit-

run graxels or sands are to be used, however, it is advisable to do grain-size tests

on typical samples as a guide to the selection of proper techniques for placing these

materials. For example, a pit-run gravel that contains more than about 10 percent

finer than No. 200 sieve is not likely to be successfully compacted with vibratory

compaction equipment.

Particular attention is required for materials to be used ivs backfill around struc-

tures, as the strength of the backfill is an inherent consideration of the structural

design.

1.1.4 SAMPLING AND TESTING

1.1.4.1 Rock Materials

1.1.4.1.1 Sampling

Rock samples are obtained from fresh, imweathered exposures at the site or froin

cores recovered from borings. Bodi soiuces should be used on projects involving

significant rock problems. Borings should be made by experienced drillers. Cores of

at least BX size ( 1% in. ) should be recovered.

The quantity and variety of rock sampled depends on the needs of the project

and the variation in type and quality of rock present. The quantity should be tlwt

required for a detailed examination and the necessary tests. Sampling of rock and

gravel for ballast is described in Part 2, Ballast, this chapter.

1.1.4.1.2 Examination

Except where the rock is to be used in a broken or crushed condition it is

important to note the structural characteristics of the rock formation. Details of the

geometry of a rock formation are important. The strike and dip of layers, presence

of joints and faults, anticlines or synclines should be noted, along with signs of

porosity or seepage. Wliere rock stability is concerned, classification of the rock type

is less important than the properties of the rock formation except where soft or

layered sedimentary rocks or very heavily weathered rocks are present. General

information on the overburden is also useful.

A rock formation may be described as:

Massive—when layers and joints are spaced more than 6 ft.

Blocky when joint spacing is 1 to 6 ft.

Broken —when joint spacing is less than 1 ft.

Layered—when the bonding between strata is weak.

Test borings in rock should include such information as drilling rates, water

losses and groundwater levels, identification of drill cuttings, color of drilling fluid,

percent recovery and length of pieces of core. Although influenced by drilling

methods, the latter indicates the quality of rock.

Rock samples and cores should be examined and described by the procedure

given in Table 1.1.2, keeping in mind their relation to the rock formation which is

involved in the engineering problem.
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Table 1.1.2

Technical Description of Cores or Fresh Exposures of Rock

Feature
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Table 1.1.3

Typical Tests for Rock Samples

Procedure

Specific gravity and absorption of

—coarse aggregate
—fine aggregate

Soundness of aggregates by use of

sodium sulfate or magnesium
sulfate

Resistance to abrasion by use of

the Los Angeles machine of

—large size coarse aggregate
—small size coarse aggregate

Petrographic examination of

aggregates

Compression
—uniaxial

—triaxial

ASTM
Method

C 127
C 128

C88

C535
C 131

C295

Special

D2664

Comments

To indicate rock resistance to weath-
ering

See text

To classify rock for strength and defor-

mation properties. Diamond drill

cores are used.

To find angle of shearing I'esistance of

weak rock material with random ori-

entation of joints, and of material in

seams and joints. Range of normal
stresses occurring in field are applied.

Petrographic analysis involves the examination by a petrologist of rock samples,

sometimes in the form of thin slices, under a microscope. The analysis aids in the

interpretation of other tests. From the mineralogical, physical, structural and chemical

characteristics of the rock material, it is often possible to predict its respon,se to

changed conditions caused by construction or exposiue.

1.1.4.2 Soil Materials

1.1.4.2.1 Sampling

Soil samples are taken from test borings or occasionally from test pits or trenches.

The boring and sampling methods chosen for a site depend on their applicability to

the materials present, their ability to differentiate changes in the materials, and the

disturbance caused to the samples.

Bore holes may be made by auger, wash or rotary drilling. Soil sampling is

commonly done with a split spoon drive sampler when disturbed samples and standard

penetration test results are required, and with thin-walled tube samplers when
undisturbed samples are required.

Procedures for site investigations given in Table 1.1.4 may be used as a guide.

Boring and sampling methods and requirements for exploration programs are dis-

cussed in literature (Ref. 4).
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1.1.4.2.2 Classification

For soil materials it is reconiniended that the Unified Classification System ( Ref.

5 and ASTM Method D 2487T) be used with supplemental descriptions which are

helpful to those not familiar with the unified terminology. Symbols, soil groups used
in the system and their identification are set out in Columns 1, 2 and 3 of Table 1.2.5.

1.1.4.2.3 Testing

Standard procedures for description, classification and testing of soils are listed

in Table 1.1.5.

Table 1.1.4

Procedures for Site Investigations

Procedure

Surveying and sampling soils for highway subgrades
Soil investigation and sampling by auger borings
Diamond core drilling for site investigation
Penetration test and split-barrel sampling of soils, __

Thin-wall tube sampling of soils

Field vane shear test in cohesive soil

ASTM
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1.2 DESIGN

1.2.1 GENERAL
Sui-veys and pertinent tests supply data on which the location and design of

roadway is based. Horizontal alignment, grades and typical sections are based on

traffic considerations and topographical features with modifications as indicated by

the drainage, soil and rock data. Ref. 1 and 2 are helpful with man>- aspects of

design. Overall environmental conditions also influence the design.

For reference purposes, subjects which may require attention in the design stage

but which are more commonly dealt with in maintenance operations are foimd in

Section 1.4, Maintenance.

Such subjects include

REFERENCES

( 1 ) K. Terzaghi and R. B. Peck, Soil Mechanics in Engineering Practice, \\'iley &

Sons, New York, 2nd ed. 1967.

(2) Foundation Engineering, ed. by G. A. Leonards, McGraw-Hill, New York,

1962.

1.2.2 CUTS

1.2.2.1 Cuts in Rock

1.2.2.1.1 General

The design of a rock cut is based on obtaining the lowest balanced construction

and maintenance cost consistent with safety. The ratio between construction and

maintenance costs will vary with individual situations and should be developed for

each project.

1.2.2.1.2 Assembly of Design Information

Factors determining the amount of attention which should be given to the design

of a rock cut are the competence of the rock and overburden, and the depth and

length of the cut
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The first steps in design are tlie preparation of profiles and cross sections on
which are plotted data obtained dnring site investigation, test borings and laboratory

testing, interpreted with the aid of geological maps, groundwater surveys and air

photos. Most important is knowledge of the behavior of similar rock in compar-

able cuts.

In layered formations where dip or strike of the bedding planes is not normal

to the center of the cut, it may be desirable to construct sections on the dip of the

bedding planes to aid in examining the stability of the cut slope.

As the characteristics of bedrock vary greatly, often over short distances, it is

fundamental for economy that the slope be fitted to the material and exposure on

each side of the cut at each location. A unifonn slope in one rock is not necessarily

appropriate throughout the length of a cut if the condition of the rock changes.

1.2.2.1.3 Width of Base of Cut

The base width of a rock cut is determined by the total width of zones A, B
and C, sho\vn in Fig. 1.2.1 and described in Table 1.2.1. Refer also to Article

1.2.2.1.7.

Table 1.2.1

Factors Affecting Base Width of Rock Cuts

Zone
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Rock falls and slides commonly occur during or soon after heavy rains, an indi-

cation of tlie major importance of seepage pressures on slope stability. Water has the

dual effect of increasing shear stresses in the slope by its weight and h>drostatic

pressure, and at the same time decreasing the shear strength of rock materials by

weathering, freezing and expansion. Hence, it is most important to keep water out

of the slope if possible.

In most rock masses, the ground water table cannot be lowered economically.

However, intercepting surface ditches at the top or horizontal relief drains in the

face or toe of slope may have benefits in certain cases (see Section 1.4, Maintenance).

Table 1.2.2

Design Factors For Rock Slopes

Condition of Rock

Hard rock with random joints.

Lavered rock.

Fractured or weathered rocks.

Clav-shale rocks.

Design of Slope

Providing there are no adverse bedding ])Ianes, ground
water pressures are low and blasting is presplit, slopes
of 70° are stable.

An accurate joint survey is important. If rock dips
with the slope, and dip angle is greater than angle of
friction, critical slope is at angle of dip. If l)edding is

horizontal, stability is as for massive rock.

If bedding dips into slope, critical slope is between
70° and 90°; local rock falls may be frequent.

Stability can be analyzed as for granular soil, finding
cohesion and angle of friction from lab tests. Angle
of friction for angular crushed rock is 45-50°.

Specialist advice is required as unloaded shale tends

to decrease in .strength with time.

1.2.2.1.5 Effect of Blasting

Uncontrolled blasting tends to open up cracks near the face of rock slopes,

allowing an increase in the rate of weathering, infiltration of water and consequent

deterioration of the slope. As such blasting may produce excessive rock falls for

many years, a decision on the type of blasting should be part of die design proce-

dure. The technique of presplitting by blasting a line of drill holes on centers less

than 4 ft apart can produce a slope surface with minimum disturbance and negligible

oxerbreak. Pre.ser\'ation of the rock segments in their preconstruction position allows

valid design assumptions to be made and minimizes ultimate maintenance costs.

1.2.2.1.6 Use of Benches

Benches in rock cuts are u.sed to catch falling rock, to prevent undermining oi

hard strata by differential weathering, to reduce pressure at the toe of cut and to

handle drainage. Principles applying to the choice of rock slopes and benches are

illustrated in Figs. 1.2.2 (a), 1.2.2 (b), 1.2.2 (c), and 1.2.2 (d). \Vhere permanent

(Text continued on pafie 274}
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Fig. 1.2.2 (b)
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benches are used to intercept falling rock, as shown in Fig. 1.2.2 (c), access should

be provided for periodic reuio\'al of debris. The width of such benches should be

adequate for machine access after weathering of the softer rock has taken place. .\

niinimiun width of 20 to 30 ft may be required.

In shales and other soft-rock cuts, temporary benches may be designed to con-

tain all debris from a steep slope.

A typical arrangement is shown in Fig. 1.2.2 (d). Debris from the top of the

steep slope accumulates on the bench to form a protective zone for the toe of the

slope, while the upper portion of the steep slope weathers back to its angle of repose.

Provision for access to such slopes may not be required

Benches used to reduce the effects of differential weathering are located at the

top of the weaker rock where the stronger rock is set back to form the bench. The
width of the bench is governed by the weathering characteristics of the weaker rock

and the height and angle of its slope. Provision for access may not be required.

In deep cuts, where weaker rock appears in the base of the cut, it may be

necessary to introduce benches to relieve the toe pressure. Such benches may serve

other puiposes, as noted above, to increase safety and reduce maintenance costs.

A permanent bench is required for accommodating longitudinal drainage from

surface run-off or subsurface seepage. Such an arrangement is usually complicated

and expensive and should be avoided, except in special circumstances.

Drainage of benches is best accomplished by sloping them to the face of cut,

moving water off the bench as quickly as possible. Where rock on the surface of the

bench presents open joints or fractures, water may be prevented from entering the

rock mass by covering the bench with a layer of clay or other impervious material,

thus reducing or eliminating deterioration of the rock by ice wedging and erosion.

1,2.2.1.7 Ditches and Drainage

In rockfall zones were benches cannot be provided, design of the slopes and

ditches are important to prevent rock fragments from reaching the track. Falling rocks

striking a slope flatter than vertical will receive a horizontal component of force

tending to throw them toward the track area. For this reason, in rockfall zones the

slope should be kept as nearly vertical as possible consistent with overall stability.

Unless mature cuts in similar rock can be observed, it is difficult to predict at

tlie design stage the manner in which rocks will fall and how fast tliey will accumu-

late at the base of slope. Hence, ditches should be designed widi ample width to

collect rockfall material, keep it out of the track area and permit economical remo\ al

of debris. The cost of enlarging ditches later in rock cuts is prohibiti\e.

Measures described under Section 1.4, Maintenance, on rock slopes ma\" be in-

corporated in the design stage if difficulties can be predicted.

1.2.2.2 Cuts in Soil

1.2.2.2.1 General

Soil types and drainage are die most significant influences on the design of

earth slopes. All sloping ground masses have a tendency to move under the influence

of gravity. Slopes of 1.5 to 1 are considered minimal in cohesionless soils and in

sands or gravels with binder soils for cuts up to 20 ft deep. Observations of nearby

cuts in similar soils, natural slopes in the vicinity or trial cut excavations are Aaluable

guides in slope design. A slope stability analysis should be made to select the cross
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section for all cuts o\er 20 ft deep and where soil conditions are loose, soft, fissured

or subject to seepage water pressures.

It is important that the cut cross section be wide enough to pro\ ide side ditches

for interception of surface water. In addition, special conditions need to be considered,

such as wide ditches for snow storage in areas of high snowfall and flat slopes to

facilitate self-clearing by prevailing winds. Where it is not practical to collect

surface drainage with adequate side ditches, buried drain pipes should be provided.

It is important to relieve subsurface water pressures in sloping ground by inter-

cepting ditches or drains above the slope or horizontal drains pro\ided in the face

by drilling or excavation. In extreme cases, vertical wells can be used.

1.2.2.2.2 Cuts in Sand

Sand in any condition above the ground water table can be designed with a

1.5 to 1 slope. Dense to medium sands are normally stable on this slope even when
located below the water table. In areas of loose saturated sand, special provisions

are ad\isable to a\'oid spontaneous liquefaction.

The stability of slopes in sand can be increased by any technique which in-

creases the density.

1.2.2.2.3 Cuts in Clay

Cuts in clay should be designed according to a slope stability analysis unless

adequate experience locally has shown a particular profile to be stable. A slope of

2 to 1 in clay soils is considered minimum. Clay slopes over 15 ft in height should

be designed on the basis of laboratory tests and stability analyses. In general the

higher the slope in clays the flatter it must be for stability

The stability of clay slopes can be increased by reducing stresses in the soil

through the use of berms and drainage. As a general rule the width of berm should

not be less than one-half of the vertical rise, such as a 20-ft rise \\ith a 10-ft berm

at the top followed by a second 20-ft rise. The use of berms is influenced by

topography and economics. They may be desirable in deeper cuts and should be at

least 10 ft wide if required for access.

Cuts in clays require caution in design. Slopes which have long been stable are

known to have failed. Safety can be assured in some localities only by assuming

slides as inevitable and designing the cut to allow for slope movement without inter-

ference to traffic.

1.2.2.2.4 Cuts in Non-Uniform Soils

Cuts in soils which are layered or contain pockets of varied soil types should be

designed on the basis of a slope stability analysis. The coarser layers or pockets

frequently are water-bearing during some part of the year and drainage must be

provided. Elfecti\c drainage may stabilize the slope in a cut when soil properties

are favorable.

In addition to the improvement of soil properties from drainage, berms are

usually effective in increasing stability in non-uniform soil areas. Berms at the line

of change of soil types allow the slope to be varied for each soil.

1.2.2.2.5 Cuts in Loess

Cuts in loess should have a near-vertical face and be carefully drained at the

foot. This soil type possesses a natural cementation which is soluble, a uniform
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grading and a vertical root hole structure. Widths of cut greater than normal are

provided since, in spite of all precautions, local failures are inevitable. Deep cuts

can be made with vertical faces and berms but it is important that drainage be

carefully designed and maintained.

1.2.2.2.6 Control of Slopes

In every soil type the control necessary to maintain the cut section should be

a consideration in design. Berms, drainage, erosion protection, filter layers, vegeta-

tion and slope angle selection may be used. Details are given in Section 1.4, Mainte-

nance. Cribs or retaining walls may be used in troublesome sections. Details of

design are given in Chapter 8, Concrete Structures and Fovmdations. While slope

control techniques add to costs, they will pay dividends in reduced requirements for

slope restoration and ditch cleaning.

1.2.3 FILLS

1.2.3.1 General

Fills are used when it is desirable to raise the ground surface to a new le\el

for roadbed construction. They serve to elevate the grade abo\'e existing or predicted

water levels or snow depths, to bury obstructions, undesirable topographic xariations

or unstable subsoils and to maintain design grades.

Every fill must satisfy the following requirements:

( 1 ) Support its own weight and superimposed loads with safety

( 2 ) Settle not more than can be economically tolerated by the imposed loads

or the fill material,

(3) Retain its shape and properties.

The requirements are met by carefully selecting the soil or rock to he used,

controlling the construction and assuring an environment which prevents intolerable

changes. Some fills must also function as dams and must consequently be designed

to satisfy criteria of impermeability.

The volume of fill resulting from a given cut or borrow area depends on the

relative in-place density of the borrow and fill materials. No standard "shrinkage

factor" should be assumed. Fill materials are often compacted to a densit>' different

from their original density. On large projects it is advisable to find cut-to-fill ratios

by field density tests.

1.2.3.2 Foundations of Fills

Fill foundations are subject to the basic requirements for any shallow founda-

tions. The subsoil, or foundation soil, should have the strength to support the

proposed loads, including the weight of the fill, with an adequate factor of safety

and the magnitude of probable foundation settlement should be within tolerable

limits. Otherwise it may be necessary to remove and replace the weak subsoil

elements or to improve their characteristics by using stabilization procedures or

controlled construction techniques. The latter may include compaction, construction

in stages, surcharging or subdrainage.

Vegetation, topsoil and organic soils are normally removed to provide for the

development of a good bond between the fill and the subsoil.

A fill underlain by a free-draining sand or gravel will have an adequate factor

of safety irrespective of the fill height. The presence of a silty or clayey subsoil will

call for a careful investigation of the factor of safety.
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The ultimate bearing capacity of a foundation when the soil is cohesive is

where T = unit weight of fill material

h = height of fill

c := minimum shear strength of subsoil

Generally a factor of safety of 1.5 is considered adequate, although the need to

construct a fill in an area of very unfavorable foundation soils may dictate an even

smaller factor of safety. The stability is found by slope stability analysis with the

critical circle or failure surface passing through the foundation.

If the stability analysis indicates an adequate factor of safety for the foundation,

the fill itself is designed. When the foundation is too weak, one or more of the

following procedures should be adopted to achieve a satisfactory fill:

( 1 ) Removal or displacement of weak foundation materials,

(2) Change of the assumed fill section by flattening slopes or berming,

( 3 ) Foundation drainage to reduce pore water pressures,

(4) Preloading tlie area to accelerate consolidation of clay or organic soils,

(5) Densification of sandy foundation soils.

Wliere feasible, die best method is removal of the unsatisfactory material by

increasing the depth of initial stripping.

Berms should extend beyond the arc of the most critical failure circle and be

checked for tlieir own stability.

It is of primary importance to make a decision before construction starts on

whether the fill should be floated or the foundation materials removed or displaced.

Where fills are built on soft ground or where the fill material will consolidate,

an estimate of the ultimate settlement of both foundation and fill should be made
and the top width of the fill increased accordingly. Peat material in foundations may
be expected to consolidate under fills to about half its original thickness ( Ref . 1.)

1.2.3.3 Rock Fills

1.2.3.3.1 General

Articles 1.2.3.1 and 1.2.3.2 apply to rock fills as well as earth. As with earth

fills, rock fills by economic necessity are composed of materials available from cuts

except in unusual circumstances where the rock is of a nature that will not support

the loads placed upon it or some other unacceptable condition exists.

One such condition is the tendency of some rock fills to be subject to a long

period of settlement due to the gradual consolidation of the fill itself. Where such

long-term settlements cannot be tolerated, the use of select borrow or a bridge or

trestle may be required. Rock fills, however, are successfully used for railway installa-

tions where settlements may be easily corrected by periodic track lifting. Many rock

fills over 100 ft high have been successfully constructed and maintained, but

specialists should be consulted for design and development of construction details

where very high fills appear economically feasible.

1.2.3.3.2 Soft Rock

The term "soft rock" used herein refers to rock which may be cxca\ated by

power machinery without Ijlasting or to rock which weathers rapidly upon exposure,

even though blasting may be required for its initial removal.
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Soft rock may result in an impervious fill and therefore must be so located

in tlie fill cross section as to permit proper drainage. It is usually best dealt with in

the same manner as earth to determine strength characteristics and compaction

requirements. Slope design is best based on the results of tests, with due regard to

possible softening of the rock with aging and observation of performance of similar

fills constructed in past. The recommended minimum slopes for fills up to 30 ft high

are 2 to 1 for impervious rock and 1.5 for jiervious rock. Assistance of specialists

is recommended for higher fills.

1.2.3.3.3 Hard Rock

Hard rock retiuires blasting for removal and is sufficiently weather-resistant

to retain its strength after long exposure. Fills containing hard rock only are

usually resistant to slides and are otherwise stable except that such fills often contain

a high percentage of voids which cause long-term settlements. Recommended slopes

are 1.5 to 1 for fills up to 50 ft high and 2 to 1 for higher fills of hard rock.

The percentage of voids and hence the settlement of a rock fill may be reduced

by limiting the depth of each layer placed during construction, mixing soft rock or

soil with the hard rock, compacting the fill in place, or any combination of these

methods. Layers 24 to 30 in. deep are recommended with the maximum individual

rock size not exceeding the layer thickness. Heavy-duty, rubber-tired rollers (50

tons or heavier) have been used to compact well-graded broken rock to 83 to 88

percent of its vmit weight in the solid state.

1.2.3.3.4 Zoning of Rock

When both hard and soft rock are available to construct a fill, it is recom-

mended that each material be located in such a position as to take advantage of and

preserve its natural strength, reduce or eliminate slope erosion, pro\ide necessary

drainage and avoid trapping water within the fill.

Fig. 1.2.3 shows a cross section of a fill where the softer, weaker and less

pervious rock is located in the core of the fill. The outer slope of the fill is deter-

mined by the slope needed for the weaker core material. By enveloping the core

with the hard rock, the resulting slopes are strengthened, drainage is pro\ided and

the strength of the weaker material is maintained by keeping its surface from the

weather. Settlement is also reduced because the softer core material may be com-

pacted to a density more nearly to that which existed in its natural state.

Other zoning arrangements may be made, such as protecting a soft-rock core

with clay soil, placing hard and soft materials in alternate layers, and mixing

hard and soft materials to reduce settlement.

1.2.3.4 Selection of Soil for Fills

The quality and ease of construction of fills varies widely with different types of

soil. Sands and gravels generally result in excellent bearing capacity but may require

great care to compact. Silts and clays can often be conditioned or compacted to an

acceptable streng'th, but are susceptible to freezing and changes in water content,

which create maintenance problems. Fine sands, topsoils and organic soils should be

rejected as fill soil. A mixture of sands and gravels witli a clay ])inder is the most

favorable soil for fill material.

The ability of various soil types to resist erosion on slopes is shown in Column 7

of Table 1.2.5. The stability of soil types in rolled fills and their compaction charac-
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teristics is shown in Columns 10 and 11 of the same Table. Methods of improving

soils for use in fills are reviewed in Article 1.2.3.5.

The source of suitable soil is a primary factor in fill projects. Excavation, trans-

portation and placement costs govern the final choice. Fill may be obtained from

adjacent cuts, borrow areas or commercial suppliers.

1.2.3.5 Improvement of Soils

The improvement of the beha\ior of soil for any engineering purpose by

methods which alter or control tlie properties of the soil is generally termed soil

stabilization. There are many techniques used to create a desired property iu a soil,

but each has limitations as to the soil type and the minimum grain size for which

it will be effective. The choice depends on the nature of the soil and the objective

in improvement of it. A stabilization method or admixture should be suitable for

the soil, have the required durability, provide the necessary performance economically

and be practicable to the site. Table 1.2.3 categorizes the principal methods and

materials.

Table 1.2.3

Improvement of Soils

Improvement
by
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Minimum slopes with granular materials range from 1.5 to 1, and with cohesive

materials from 2 to 1 for low sections to 3 to 1 and Hatter for high sections. The
slope for a given material should be found by a slope stability analysis.

It is important to study the effects of a new fill on the drainage of surface water.

When culverts are needed to permit and control flow through a fill, the probable

settlement of the fill shoidd be considered in order to predict the required camber

of the cuKert and avoid a low spot.

Structures located in a fill are likely to receive a transfer of load from the fill

due to settlement. If the factor of safety of the fill and its foundation is greater than

2, soil creep will generally be tolerable, and the structure can be constructed at any

time with little danger of damage. If the factor of safety is less than 2, precautions

should be taken to schedule construction so that the fill is built in stages with ap-

propriate construction controls to warn of impending failure. In such cases, preferably

the fill should be completed and its stability demonstrated before the structure is

started. Otherwise the structure may be seriously damaged in the event of a failure.

Li many instances such precautions are advisable even though removal of a large

portion of the previously placed fill may be required in order to erect the structure.

Procedures for placing and compacting fills are given in Section 1.3, Construction.

1.2.3.7 SidehiU Fills

The construction of a sidehill fill involves the stability of natural slopes both

above and below the fill. The stability of these slopes and the fill should be analyzed

separately and as a unit.

Construction procedures should be provided to prevent the fill from sliding on

the original slope. The old surface should be thoroughly roughened or stepped and

drainage provided to intercept water on the uphill side from seeping along the fill-

slope interface.

The slopes of the fill need protection from runoif in addition to that pro\'ided

at the uphill toe. Erosion protection for the slopes may be necessary, as detailed in

Section 1.4, Maintenance.

Where it is not possible economically to provide an adequate factor of safety for

the uphill slope, an added width of ditch or other protection should be pro\'ided on

the uphill side of the fill. The fill and its loads combine to reduce the stability of

tlie original slope. Care should be exercised to assure that excavation does not remo\e

material below the toe of the fill which will contribute to tlie resistance to failure

or that construction does not place a surcharge on or above tlie uphill slope which

will increase the moving forces.

REFERENCE

(1) Muskeg Engineering Handbook, University of Toronto Press, Toronto, 1969.

1.2.4 DRAINAGE

1.2.4.1 General

This section deals with the surface and subsurface drainage of the roadway

as distinguished from drainage of the ground surface by natural waterways. The lat-

ter subject is dealt with in Part 3, Natural Waterways, and Part 4, CuKerts, this

chapter.
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Since water is the principal influence on soil stability in roadbed, subgrade and

slopes, control of surface and subsurface water is one of the most iuiportant factors

in roadw ay design and maintenance.

1.2.4.2 Surface Drainage

Surface water from the roadway area is usually handled by a system of ditches

parallel to the roadbed with offtake ditches where necessary. The roadbed cross

section, slopes of cuts and fills, ditches, catch basins and culverts should all fonn a

balanced system to dispose of the water without accumulation or damaging effects.

The design capacity of any part of the system can be calculated if the quantity

of water to be carried, the distance and grade to outfall and the infiltration factor

of the soil is known ( Ref. 1 ).

The ditch grade will normally be governed by the track grade, particularly in

long cuts. When the ditch is constructed in earth materials the minimum grade should

not be less than 0.25 percent to minimize sedimentation. Likewise to prevent erosion

the maximum grade should not be greater than that which will produce a velocity

shown in Table 1.2.4. Erosion may also be prevented or reduced by paving, riprap-

ping, sodding or constructing check dams to reduce the water velocity (see Part 3,

Natural Waterways this chapter).

Table 1.2.4

Limiting Velocities to Prevent Erosion

Material

Sand
liOam
Grass
Clay
Clay and gravel
Good sod, coarse gravel, cobbles, soft shale.

Velocity

(Ft per Sec)

Up to
2-3
2-3
3-5
4-5
4-6

Ditches may be trapezoidal or V-shaped in section. Minimum bottom width for

trapezoidal ditches in earth materials is 3 ft. Side ditches should be located so that

the stability of adjacent cuts and fills will be maintained. The berm between the toe

of a fill and the ditch should be sloped toward the ditch for good drainage.

Wide ditches are desirable at the toe of slopes in cuts where sloughed material

tends to accumulate. Wide ditches, in addition to providing storage space, also pro-

vide working space for equipment.

Ditches at the top of cut slopes to intercept runoflF water from the uphill slope

are often useful in reducing slope erosion or in preventing the deterioration of a rock

slope due to ice fonnation in cracks of the rock.

The same care should be taken in designing intercepting ditches as side ditches

lest they create serious erosion problems themselves. Seepage water occurring on

the face of a slope may be intercepted and conducted away on benches. Benches

used for drainage should be sloped back from the face and thence laterally, and

should be lined if it is important to prevent infiltration.
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In low-lying or flat country, it may be necessary to dig ofltake ditches away
from the roadway for a considerable distance to provide sufficient difference in eleva-

tion to produce drainage. In such locations, sedimentation may occur requiring regu-

lar cleaning of ditches.

1.2.4.3 Subsurface Drainage

1.2.4.3.1 Importance

Only a portion of rainwater is handled by natural and man-made water-courses.

The remaining water infiltrates the soil and becomes either ground water or capillary

water. Where ground water is high, subsurface drainage may be needed to draw the

water table down so that softening of the subgrade soils, sloughing or instability of

slopes will not occur. Capillary water cannot be removed by drainage but can some-

times be controlled by lowering the water table. Lowering the water table will assist

in reducing the amount of heaving track caused by frost. In such locations it is

desirable to maintain the ground water table at least 4 ft below the top of subgrade.

The suitability of various soil types to gravity drainage is given in Column 5

of Table 1.2.5.

1.2.4.3.2 Types

A subdrain is any covered drain below the ground surface receiving water along

its length through perforations, porous walls or joints, placed in a trench backfilled

with filter material.

A rock or French drain is a trench loosely filled with stones, where water is

intended to pass through the interstices of the stones instead of a pipe. Rock drains

frequently plug with fines from the adjacent ground unless protected by adequate

filters. For this reason they are not recommended unless properly designed and care-

fully installed.

Subdrains may serve as cross drains or side drains. Cross drains are laid under

the roadbed or other areas to prevent water from gathering. They are placed below

the level of water accumulation and connected to a side drain. Side drains are built

to collect water from cross drains and to intercept water flowing toward the roadbed.

A side drain may be placed at the lowest part of a seepage zone so as to collect as

much of the flow of ground water as possible.

1.2.4.3.3 Design

Subdrainage pipe is available in perforated corrugated metal, rigid plastic,

bitununized fiber and porous concrete. Part 4, Culverts, this chapter, gives specifi-

cations for piping and methods of installation.

Subdrainage pipe is available in diameters ranging from 2 to 24 in. Where
periodic cleaning of subdrains is required, 6-in. pipe or larger is recommended. Sucli

cleaning should not be required, however, for pipe laid at a proper gradient and

surrounded with a proper filter material.

The design of subdrainage installations is made from knowledge of the depth,

direction of flow and seasonal fluctuations of the ground water table. Such informa-

tion is best obtained by obser\'ing the soil deposits and water levels in test pits dur-

ing the wet season. The location, depth and size of pipe are chosen accordingh.

In normal subdrainage, approximately 500 ft of 6-in. intercepting drain may
be used before a change to a larger size is necessary. Manholes used for cleanout

purposes are usually installed at the same inter\als.
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FIG. 1.2.4. INTERCEPTION OF SIDEHILL SEEPAGE
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FIG. 1.2.5. LOWERING OF GROUND WATER

IN A WET CUT

A slope to ensure a velocity of 2 ft per sec should be used (see Ref. 2 and 3

for design). It is important to locate the outlet where it can be maintained free

from any manner of clogging.

1.2.4.3.4 Uses

Typical uses of subdrainage installations can be illustrated by the following ex-

amples. More details are found in tlie references.

SidchiU Seepage Under Track—Fig. 1.2.4 shows a condition where a seepage

zone tends to cause subgrade softening. After investigation by auger borings or test

pits, the seepage is intercepted before it enters the roadbed area by a side drain,

placed at a deptii so that the effect of ground water is no longer significant.

Wet Cuts—Fig. 1.2.5 shows a condition where track maintenance is required

due to the saturated condition of the subgrade. In addition to a substantial thickness

of subballast, intercepting subdrains installed as shown on either side of track are

necessary to stabilize subgrade.
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Cut to Fill Transitions—At such locations the flow of ground water from a

cut is often interrupted by cross-sloping impervious layers, causing wet conditions

and soft subgrades. A subdrain placed across the roadbed may intercept the seepage,

and the local use of a sub-ballast thickness greater than normal will ensure a stable

subgrade.

Yard and Station Areas—Unless the subgrade soil is free-draining, a system

of subdrainage will be advisable in yard and station areas, usually combined with

a storm drainage system. Longitudinal subdrains between pairs of tracks with cross

drains at 200- to 300-ft intervals will normally be satisfactory. Depth and spacing

will depend on soil and ground water conditions.

Other Uses—^Subdrains have also proven of benefit at road crossings, rail cross-

ings and behind bridge abutments.

REFERENCES

( 1 ) H. W. King, Handbook of Hydraulics, McGraw-Hill, New York, 3rd ed. 1939.

(2) American Iron and Steel Institute, Chicago.

(3) Concrete Pipe Design Manual, American Concrete Pipe Association, Chicago.

1.2.5 ROADBED

1.2.5.1 Design

The roadbed consists of that zone of soil or rock which supports loads from

the track structure and is subject to weathering and deterioration from traffic loads.

Roadbed soils should support the loads imposed by traffic without excessive

failure or deformation. To achieve this, the design of roadbed includes:

( 1 ) Identification of the properties of the roadbed soils,

( 2 ) Consideration of their performance in track with respect to supporting

strength, tendency to foul the ballast and tendency to frost heave.

1.2.5.2 Roadbed Soils

The performance of various soil types in subgrades is indicated in Column 8 of

Table 1.2.5. This applies to both cut and fill materials

The performance of plastic or cohesive soils in the roadbed may be differentiated

on the basis of whether or not their plasticity index is above 10. Use of soils with

a plasticity index greater than 10 for a depth of 4 ft below sub-ballast should be

avoided if possible. Such materials rapidly become saturated in the roadbed, soften

and, if not protected by an adequate thickness of ballast, squeeze out of place and

require frequent lifting and lining of track. This type of failure is usually progressive

and may liecome serious if axle loads are increased without a compensating in-

crease in the thickness of ballast (see Article 1.2.5.4).

To ensure the satisfactory performance of roadbed soils it may be necessary:

( 1 ) In fills to select or stabilize soils in the top of subgrade,

( 2 ) In cuts to stabilize inferior soils in place or excavate and replace them,

(3) In any case to provide a graded filter layer of sub-ballast to avoid

pumping of subgrade materials into ballast.

Kill, (i^tl
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TABLE !.?.<;

son, GROUPS, THEIR CHARACTERISTICS AND USSS
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SOIL CROUP
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FIELD IDENTIFICATION

—ro~"
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—m
TTi m

VALUE AS s'osr^;; of;

DRAIHAr.E FILTER LAYER EXPOSED SLOPS

Well-graded GRAVELS md GRAVEL- Wide ranso In grain sizes,

GW SAND mixturos, trace to no silt substantial amounts of all
or clay intermediate sizes, no

dry strength

Poorly-graded GRAVELS and
GP GRAVEL-SAND mixtures, trac

to no silt or clay

GRAVEL some SILT . GRAVEL-SAND-

SILT mixtures

GRAVEL some CLAY,
GRAVEL-SAND-CLAY mixtures

Well-graded SAMPS and SAND-
GRAVEL mixtures, trace to no
silt or cUy

Poorly-graded SANDS and SAND-
SP GRAVEL mixtures, trace to no

silt or clay

SAHD-SILT mixtures

SAND-CLAY mixtures

an
eo o S CUYS of low to medium

§ S: CL plasticitT, CLAY-GRAVEL-
u SAND-SILT mixtures

en >- SILTS . SILT- SA>n3 mixtures of
ggM MH high pUsticlty

f 3 CLAYS of high plasticity
o3 OH
_^

" Organic SILTS or CLAYS

WBJSl, PEAT

Predominantly one size, or
a range of sizes vrlth some
missing, no dry strength
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On earth-moving jobs of appreciable size there may be various t\pes of soil

present. If the most suitable soils can be selected and reserved for use in roadbed,

long-term maintenance costs can be minimized at little extra construction cost.

1.2.5.3 Treatment of Roadbed Soils

If local clays are known to swell in the presence of water, or if laboratory

consolidation tests on undisturbed samples show the tendency to swell, such clays

should not be used in track su])grade witliout treatment to improve their qualities.

Clay subgrades may be stabilized by mixing with drier soils or additi\es such

as lime or portland cement in small quantities. The use of such stabilization methods

to strengthen clays in the roadbed will reduce the thickness of sub-ballast required.

Stabilization metliods are reviewed in Article 1.2.3.5.

Under saturated conditions and repetitive traffic loads, fine-grained subgrade

materials may pump and fill the voids of ballast or sub-ballast. The tendency of

various soil types to do this is indicated in Column 9 of Table 1.2.5. Pumping can

be controlled by designing the sub-ballast as a graded filter layer to prevent

migration of the subgrade particles. The most useful standardized gradings for filter

piuposes are those for asphalt and concrete sand. They are plotted and their applica-

bility shown in Fig. 1.2.6. The figure also gives the criteria for designing filter

layers for any base material. Some natural soils will serve as filters as shown in

Column 6 of Table 1.2.5.

U.S STANDARD SIEVE S/ZES

10 20 40 100 200

-



Roadway and Ballast 289

Use of the principle of graded filter layers is most important in choosing

backfill which will remain unclogged around perforated pipe subdrains and in all

other locations where two adjacent materials are to remain unmixed.

An alternate means of separating two adjacent layers and at the same time

preventing saturation of the lower one is by means of waterproof plastic membranes.
As the membrane prevents natural evaporation, however, saturation of a clay

subgrade may eventually occur in any case. For this reason use of buried membranes
is only suggested where it is wished to prevent surface water from penetrating the

subgrade. Neoprene film of 1/16 in. thickness is recommended for the purpose.

1.2.5.4 Ballast Thickness

To give proper support to ties in a main-line track a minimum of 12 in. of top

ballast under ties and 6 in. of sub-ballast should be provided. To spread the load

to subgrade, however, a greater combined thickness of ballast and sub-ballast may
be needed depending on the strength of tlie subgrade soil. This required thickness

may vary over the length of a railway line, depending on variations in the subgrade

strength.

Prediction of the design strengtii of a roadl^ed soil should be liased on laboratory

testing of saturated remolded samples. If the same soil is in use in a railwa\' roadlied

in similar conditions elsewhere, the design strength should be found from in-place

strength tests.

The design strength of subgrade should not be exceeded by the traffic loads

to be applied, distributed through the rail, ties, and ballast. The load distribution

may be estimated on the basis of Talbot's work ( Ref. 1 ) and a factor of safety of

1.5 or greater depending on the frequency of traffic expected. This analysis will give

a first approach to finding the comliined thickness of ballast and sub-ballast required

for a given axle load and subgrade strength. Judgment from experience should then

be applied to choose a final design thickness.

When select soils are to be placed at the top of a fill or after sub-excavation

in a cut, or when subgrade soils are to be stabilized, the above analysis will assist

in deciding the economic depth of treatment required.

In the same way when axle loads or frequency of traffic is to be increased on

an existing track, the analysis is useful in helping to predict how much more ballast

is required to avoid subgrade failure. In this instance the design should be based

on the in-place strength of the saturated roadbed soils.

1.2.5.5 Frost Heaving

To reduce maintenance costs, frost-heaving soils should not be left in the sub-

grade within a depth of about 60 percent of the depth of frost penetration.

Frost heaving is caused by the growth of ice layers fed by a flow of moisture

from below. In general, four conditions must be satisfied for the formation of ice

lenses

:

(a) Capillary saturation of the soil,

(b) A free supply of water,

(c) 3 to 10 percent of soil grains smaller than 0.02 mm,
(d) A decrease in soil temperatures to below freezing.

Presumably, if any of these conditions is nnssing, fro.st heaving will not occur.

Since factors (a) (b) and (d) are difficult to control, the most expedient procedure
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is to avoid use of soils having 3 to 10 percent smaller than 0.02 mm in grain size.

The tendency of various soils to frost heave is shown in Column 4 of Table 1.2.5.

Where frost-heaving soils predominate on a site, it may be possible to minimize

frost hcaxing by introducing a coarser layer to break the capillary rise of water

within the depth of frost penetration.

If undesirable frost hea\'ing occurs under the track, methods of dealing with it

are given in Section 1.4, Maintenance.

1.2.5.6 Roadbed Dimensions

When horizontal and vertical alignment and depth of ballast are known, the

width of roadbed can be chosen. Although the width can often be standardized o\er

the length of a new line, track shoulders should be wider on fills resting on founda-

tions which will settle. The width chosen should be based on an estimate of the

ultimate settlement of both foundation and fill (see Article 1.2.3.2), combined with

req<uirements for standard ballast sections given in Part 2, Ballast, this chapter.

REFERENCE

( 1 ) A. N. Talbot and others. Transmission of Pressures in Ballast, Part 5, 2nd
Progress Report, Special Committee on Stresses in Railway Track, AREA Proc.

Vol. 21, 1920, pp. 765-814.
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i E ) Member Emeritus.
• Deceased.
Those whose names are shown in boldface, in addition to the chainnan, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your conmiittee reports on the following subjects:

B. Re\ision of Manual.

Brief progress statement submitted as infomiation piige 292

2. Gross and switch ties.

(a) Keep up to date specifications for cross and switch ties.

No report.

(b) Extent of adherence to specifications for cross and switch ties as

ob.ser\ed on field inspections.

No report.

2. (c) Possible revision of cross tie design and/or spacing, collaborating

as necessary or desirable with Gonnnittee 5.

Progress report submitted as infoniiatiou page 293

.3. Wood preservatives.

(a) Keep up to date specifications for preservati\es.

No report.

(b) New preservatives.

No report.

Note—Discussion on subcommittee reports herein closes on Ma> 1, 1971,

291



292 Ties and Wood Preservation

4. Pre.ser\'ative treatment of forest products.

(a) Keep up to date specifications for treatment.

Progress report submitted as information page 294

(b) Methods of conditioning prior to treatment.

No report.

(c) Advisability of preparing specifications to cover care and handling

of forest products before and after treatment.

No report.

5. Service records of forest products.

(a) Annual tie renewal statistics as furnished by Economics and

Finance Department, AAR.
Progress report submitted as information page 301

(b) Marine organisms.

Progress report submitted as information piige 301

(c) Service test records of forest products used in railroad construc-

tion and maintenance.

Progress report submitted as information pt^ge 301

6. Collaborate with AAR Research Department and other organizations in

research and other matters of mutual interest:

( a ) Substitute for wood ties.

A Special Committee on Concrete Ties, which includes representa-

tives from Committee 3, is developing a performance specification

for concrete ties.

The Committee on Ties and Wood Preservation,

W. F. Arksey, Chairman.

AREA Bulletin 631, January-February 1971.

Report on Assignment B

Revision of Manual

F. J. Fudge (chairman, subcommittee), W. F. Arksey, D. E. Embling, W. E. Fuhr,
M. A. Lane, R. B. Smith, J. L. Williams.

Chapters 3 and 17 of the Manual are being reviewed and revised. A completely

revised single chapter to replace present Chapters 3 and 17 will be recommended for

adoption next year.
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Report on Assignment 2

Cross and switch ties

E. M. CuMMiNGs (chairman, subcommittee), W. F. Arksey, G. H. Way, W. R.

Jacobson, y. T. Slocomb, C. P. Bird, G. B. Boggs, J. K. Gloster, F. F. Hornig,
H. F. Kanute, M. a. Lane, T. F. Maloney, G. H. Nash, R. C. Weller.

POSSIBLE REVISION OF CROSS TIE DESIGN AND/OR SPACING

Committee 3 joined the Research and Product Development Committee of the

Railway Tie Association in an inspection of the joint RTA-AAR tie test on Sep-

tember 1, 1970. There are a number of Committee 3 members who are also on the

RTA committee.

This test is installed on tlie Chicago & North Western Railway near Des Plaines,

111., on a line carrying approximately 25 million gross tons of traffic per year. The
AAR staff, which inspects the ties annually, is looking primarily at the performance

of the test track with regard to settlement, stiffness, and track profile—that is, cross

le\el and riding qualities. The ties were installed in the test track in November 1967.

It was hoped that the 1970 AAR inspection would have been completed by Septem-

ber 1, but due to uncontrollable circumstances tlie inspection was delayed. (The

inspection was actually made between September 8 and September 17, 1970). The
tie sizes and spacings under test are shown below.

Investigation of Tie Size and Spacing
Chicago & North Western Railway

Section
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Report on Assignment 4

Preservative treatment of forest products

L. C. CoLLisTER {chairman, subcommittee), W. F. Arksev, G. H. Way, R. G. Zeit-
Lovv, G. W. Brenton, R. E. Case, K. C. Edscorn, T. H. Patrick, R. B. Smith,
F. M. Whitmore, C. a. Burdell, D. L. Davies, R. F. Dreitzler.

KEEP UP TO DATE SPECIFICATIONS FOR TREATMENT

The following tabulation of treating practices is a summary of replies received

to a questionnaire sent to chief engineers of the railroads.
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Report on Assignment 5

Service records of forest products

J. T. Slocomb (chairman, subcommittee), W. F. Arksey, A. B. Baker, K. C.

Edscorn, F. J. Fudge, R. P. Hughes, H. C. Martin, R. B. Radkey, G. H. Way,

J. L. Williams.

ANNUAL TIE RENEWAL STATISTICS AS FURNISHED BY THE ECONOMICS

AND FINANCE DEPARTMENT, AAR

The full report on this subject, including statistics for individual Class I Rail-

roads, may be found in Bulletin 628, June-July 1970.

MARINE ORGANISMS

The following paragraphs, which summarize an article entitled "Creosoted

Wood Piles in Biscayne Bay Are Sound After Eleven Years of Service—Progress

Report," by C. W. Leach, United States Steel Corporation, are reprinted by per-

mission of the author and the American Wood-Preservers' Associatioa

"As a result of the cooperative effort of creosote suppliers, the Forest

Products Laboratory, and the University of Miami Marine Science Institute,

an in-service exposure test of 20 southern pine marine piles was begun in

1956. Twenty exceptionally well-seasoned air-dried pine piles, each 26 feet

long, were treated with about 25 pcf of wood with a 70/30 creosote-coal tar

solution. The piles were installed in the docking and mooring facilities for

small craft at the Marine Science Institute on Virginia Key in Bisca\ne Bay

at Miami, Florida. Underwater diving inspections, the latest 11 years after

installation, have not revealed attack by marine borers. Treated wood piles

elsewhere in tlie waterways of Miami, however, have failed within ten years

as a result of deterioration caused by shipwomis, pholads, and Limnoria.

"Some of the test piles have been lost in severe storms. The remaining

piles will continue to test the effectiveness of the creosote-coal tar treatment

at the Virginia Key installation. It can be concluded that southern pine piles,

tlioroughly treated with a high-residue creosote-coal tar solution will sene

well in certain locations that are within the geographic area commonly con-

sidered to harbor a destructive host of marine borers. We beliexe that tlie

infonnation usually compiled about the local environment, (temperature,

salinity, and oxygen content,) should be expanded to include the rate of flow

or current, a survey of borer populations in the area and of potential foci of

infestation, and possibly of other factors as yet unidentified, to provide a

more sound basis of judgment in deciding the preservative treatment that is

necessary."

SERVICE TEST RECORDS OF FOREST PRODUCTS USED IN RAILROAD

CONSTRUCTION AND MAINTENANCE

Under this assignment your committee presents as information a progress report

on a tie test on the Baltimore & Ohio Railroad, at Mt. Air>', Md.
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Tie Test
Baltimore & Ohio Railroad

Old Main Line at Mt. Amv, Md.

Pentachlorophenol in Heavy Petroleum Oil

Treated, 1954 (fall); Inserted, 1957

Purpose

According to chemical suppliers and also the U. S. Forest Service Stake tests

in the South, pentachlorophenol in oil is one of the most effective preservatives for

wood. It is belie\ed that this fact is recognized by most users of treated wood
products.

The average life expectancy of "penta" treated cross ties is unknown. The con-

ditions of use differ from fence posts. Ties lie with one full face and two sides in

continuous ground contact. The upper surface is exposed to extremes of weadiering.

The rail bearing surfaces of cross ties are subject to severe compression under fre-

quent loading. Spikes are driven into areas of untreated wood.

Pentachlorophenol's toxicity is recognized. Questions arise as to a proper carrier

for penta which will afford the sealing and lubricating effects so well provided by
tar in combination with creosote. The Baltimore & Ohio Railroad has a test of oaks

and hardwoods in Ohio treated with creosote and heavy petroleum oil. These ties

are experiencing a service life equal to other test panels treated with creosote tar

(B&O standard).

It is for the purpose of measuring the service life of mixed oak ties treated

with pentachlorophenol in heavy petroleum oil that the following test was designed.

During the fall of 1954, some 30,000 oak ties were treated at the Green Spring

Tie Plant with a 5% solution of pentachlorophenol in petroleum oil, 7 lb per cu ft.

These ties were dead piled at the plant for two years and dien shipped to

\arious locations to be inserted in tracks. A mile of double track just east of Mount
Airy, Md., was selected as a test section. The ties were not inserted out-of-face, but

insertions were heavy. They were marked with nails two years later, at which time

the book record was started.

Treating sheets, copies of which are filed at Green Spring, W. Va., reveal the

following data:

Seasoning prior to treatment—16 months.

Species—Red and white oak, No. 4 and No. 5.

Retention—Averaged 7 lb per cu ft of 5% solution pentachlorophenol in

heavy petroleum oil.

Maximum pressure—175 lb.

Average time of treatment—10 hours.

Maximum temperature during treatment—192 F.

Splitting protection—Ties showing a definite split at the time of tramming

for treatment were dowelled ("selective doweling").

Adzing, boring, incising—None.

Carrier—High residue, heavy black petroleum oil, sp. gr. 1.001.

During the year 1957, 1409 of these ties were inserted between Mile Posts 42

and 43, about VA miles west of the Mt. Airy tower. The ties were placed under both

tracks, 657 in No. 3 (westbound) and 752 in No. 4 (eastbound). The test actually

starts at pole 45/30 at an iron rail post marked B46 at the east end of a cut.
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The removal of a siding soon reduced the number of test ties on the south

track to 566.

\''arious other conditions affecting the hfe expectancy of the test ties are as

follows:

Slope—/2 percent grade, downhill westbound.

Ciuve—3 deg near center of test.

Ballast—Clean limestone.

Rail—131 lb, plates 8 x 14 inches, four holed.

Minimum and maximtmi temperatures—8 to 105 deg F.

Rainfall—42.06 inches.

Ele\'ation—625 ft.

Latitude—39 deg 23 min; longitude—76 deg 50 min.

Tonnage—26 MM tons, main.

8 MM tons, passing.

After 14 years of service, the record stands as follows:

Track
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Wy>ir , V,

Penta treated, no dowels,

south side (main track).

Penta treated and doweled,

nor^h side (passing track).

3. To date, the penta treated ties under the main track are standing up as well

as B&O standard creosote-tar ties under similar circumstances and at the same age

—

plate cutting to % inch, surface checking to % inch wide x 2 inches deep, surface

coating nearly gone, no surface decay, grain not raised, spikes and plates holding

gage.

4. On the passing track, the low tonnage has been easy on the ties. Plates have

not settled into the wood fibers. Except for normal checking to M inch ^^'ide x 1 inch

deep, many of the ties look new.

5. In all cases, the dowels have held fast. The splits in the selectively doweled

ties ha\"e neither widened nor lengthened. Of the ties which were not split at the

end of the seasoning period and tlierefore not doweled, 10% show a definite split,

gradually lengthening into the plate zone.

6. Final conclusions regarding the reliability of oak ties treated with a 7 lb

retention of a 5% solution of pentachlorophenol in heavy black petroleiun oil cannot

be drawn vmtil at least another ten years have elapsed.
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Committee

( E ) Member Emeritus.
" Died August 1, 1970.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Rexision of Manual.

Progress report presented as information page 308

2. Collaborate with AISI Technical Committee on Rail and Joint Bars

in research and other matters of mutual interest.

(a) Study the subject of obtaining rails longer than 39 ft, brief prog-

ress report presented as information p;ige 308

(b) Visits to rail producing mills, progress report presented as infor-

mation page 309

(c) AAR Research and Test Department report on "Investigation of

Rails Made by the Australian Iron and Steel Company," presented

as information page 310

Note—Discussion on subcommittee reports herein closes on May 1, 1971.

305
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(d) AAR Research and Test Department report on "Inxestigation of

140 Lb/Yd Rail Made from Vacuum Degassed Steel," presented

as information pa^t* 335

3. Rail failure statistics covering (a) all failures, (b) transverse fissures,

(c) performance of control-cooled rail.

Progress report presented as information page 372

4. Rail end batter, causes and remedies.

Report on "How One Railroad Took Care of Rail End Batter by Use

of the Semi-Automatic Wire Feed Weld, presented as information . . page 392

5. Rail chemistry.

No report.

6. Joint bars: design, specifications, service tests, including insulated

joints and compromise joints.

No report.

7. Metallurgical effect of rail cropping methods.

No report.

8. Causes of shelly spots and head checks in rail; methods for their

prevention.

No report.

9. Standardization of rail sections.

Progress report presented as information page 399

10. Effect of heavy wheel loads on rail.

No report.

The Committee on Rail,

T. B. HuTCHESON, Chairman.

AREA Bulletin 631, January-February 1971.
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Babili ^obb Jfarieg

1912=1970

Da\id Todd Faries, born September 29, 1912 to Robert and Mary Zandt

Faries at Trenton, \. J., passed away on August 1, 1970, at the age of 57, following

a six-mondi illness.

Mr. Faries graduated from Virginia Military Institute with a bachelor of science

degree in civil engineering in 1935, and completed the management training pro-

gram at the graduate School of Industrial Administration, Carnegie Institute of Tech-

nology, in 1957.

Mr. Faries began his railroad career with the Wabash Railroad in 1935. He then

worked in \arious engineering capacities for both the Wabash and Ann Arbor Rail-

roads until 1942, when he joined the Bessemer & Lake Erie Railroad as assistant

super\isor track. He later was appointed supervisor track, assistant engineer, engineer

track, assistant superintendent, principal assistant engineer and chief engineer. In

addition to being chief engineer of the Bessemer, he also was chief engineer of the

Youngstown and Northern Railroad, The Lake Terminal Railroad, The Newburgh &

South Shore Railway, and Northampton & Bath Railroad.

Mr. Faries became a member of the American Railway Engineering Association

in 1955, and was a member of Committee 31 from 1956 to 1962, being vice chair-

man in 1962. He was, also, a member of Committee 4 from 1959 until the time of

his death. In addition to these committees, Mr. Faries was a member of the Engi-

neering Division of the Association of American Railroads, National Defense Trans-

portation Association, Roadmasters and Maintenance of Way Association, Railway

Clubs of Greenxille and Pittsburgh, Railway Tie Association, American Society for

Testing and Materials, American Management Association, American Wood-Preserxers'

.\ssociation. Railway Systems and Procedures Association, Joint Contact Committee

of American Iron and Steel Institute and the Bessemer & Lake Erie Railroad Com-

pany \'eteran Employes Association.

Surxiving Mr. Faries are his wife, Phyllis (nee Nye); his daughters. Miss Molly

.A. Faries of Swarthmore, Pa. and Mrs. Ronald A. (Jane) Aisenbrey of Chicago;

and one nephew, Robert P. Faries of Charleston, S. C.

Mr. Faries gave generously of his time to Committee work and was admired

by all of his associates who had the privilege of working with him. He will be

greatlv missed.

W. J. Cruse

R. C. POSTELS

R. F. Bush
Committee on Memoir
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Report on Assignment B

Revision of Manual

y. E. Hall Ichairman, subcommittee}, R. E. Catlctt, Jr., J. T. Collinson, \V. J. Cruse,

E. T. Franzen, R. C. Cahlano, T. B. Hutcheson, A. V. Johnstox, R. R.

Lawtox, a. B. Mehhitt, Jr., R. B. Rhode, IL M. Williamson.

During coinniittee nieeting.s held in 1969 it was recommended and approved

that the CF&I 119-lb rail section be adopted as an AREA recommended rail section.

This matter was \'oted on by letter ballot dated April 24, 1970, was approved for

adoption and printing in the Manual and appears as a Manual Recommendation

on page 160 of Bulletin 630, November-December 1970.

A Special Subcommittee from Subcommittee B members, consisting of W. J.

Cruse (chairman) E. T. Franzen and V. E. Hall, held a meeting during Xo\ ember

1970 to progress the updating and re-writing of the remainder of Manual Chapter

4-Rail, a portion of which was revised and approved for adoption, and now appears

on pages 4-2-1 to 4-2-6.1 of the Manual. This group will hold further meetings

dming 1971, and collaborate with representatives of the AISI Technical Committee

in progressing this assignment.

Another Special Subcommittee, consisting of representatixes from Committee

4-Rail, and Committee 31-Continuous Welded Rail, and of representatixes from

the AISI Technical Committee and of welding contractors, will visit welding plants

and concern itself with problems relating to rail straightness, twist and end condi-

tion as they affect the welding process. The Rail Committee representati\es are

V. E. Hall (chaimian), W. J. Cruse, E. T. Franzen, and K. H. Kannowski, and

results of these visits may indicate a need for possible changes in the rail specifica-

tions now in the Manual.

Report on Assignment 2

Collaborate with AISI Technical Committee on Rail and Joint

Bars in research and other matters of mutual interest

T. B. Hutcheson {chairman, subcommittee), B. C Anuerson, G. T. Bonner, R. E.

Catlett, Jr., J. T. Collinson, L. S. Crane, W. J. Cruse, O. E. Fort, E. T.

Franzen, W. H. Freeman, V. E. Hall, W. T. Hammond, C. C. Herrick, K. H.
Kannowski, A. B. Merritt, Jr., E. H. Waring, II. M. Williamson.

Under this assignment your committee presents as information a brief progress

report on its study of obtaining rails longer than 39 ft, an account of its \isit to the

Steelton Plant of the Bethlehem Steel Corporation, and two reports on rail investi-

gations conducted at the Research Center of die Association of American Railroads,

one entitled "Investigation of Rails made by the Australian Iron and Steel Com-
pany" (see page 310), and the other, "Investigation of 140 Lb/Yd Rail Made from

Vacuum Degassed Steel" (see page 335)
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STUDY THE SUBJECT OF OBTAINING RAILS LONGER THAN 39 FT, LOOKING TO DEVELOPING
THE OPTIMUM LENGTH OF RAIL THAT WILL BE ACCEPTABLE, BASED ON HANDLING

METHODS, SUPPLY OF CARS FOR SHIPPING, THE NUMBER OF RAILS WHICH
CAN BE OBTAINED FROM STEEL COMPANY INGOT MOLDS,

AND OTHER NECESSARY CONSIDERATIONS

The questionnaire which was sent to chief engineers of Member Roads on

XoNeniber 5, 1968, to determine the demand for rails longer than 39 ft, was further

considered. It was concluded that the infonnation obtained as a result of the ques-

tionnaire required refinement. During the current year the committee resubmitted

tlie questionnaire to chief engineers of Member Roads for additional information,

including a request for authorization to release the information by name of road to

the steel industry members of the AREA-AISI Joint Contact Committee.

VISITS TO RAIL PRODUCING MILLS

In continuation of its adopted plan to visit rail production facilities of major

steel companies, the Rail Committee, under the auspices of the Joint Contact Com-
mittee, \isited the facilities of the Bethlehem Steel Corporation at its Steelton, (Pa.)

mill on April 20, 1970. A comprehensive tour of the rail mill was arranged by

Bethlehem Steel. Prior to the mill inspection, D. E. Dorney, engineer with Bethlehem

Steel, presented an interesting and infonnative report on steel making processes,

including open hearth, basic oxygen, and electric furnace methods. His talk was

well ilhistrated with slides and a motion picture. The presentation was extremely

helpful to the committee in its subsequent inspection of the mill. A.lso, prior to the

inspection, members of the Joint Contact Committee joined in a discussion of rail

end straightness, including sweep, kinks and twists, as well as problems associated

with rail for welding purposes. As a result of this discussion, arrangements were

made for members of Committee 4, jointly with members of Committee 31 and

steel industry members of the Joint Contact Committee, to visit rail welding plants

for first hand study of the problem. Subsequently, arrangements were set in motion

for such inspection to be made during the first half of 1971.

Following inspection of the rail mill facilities, R. J. Henry, engineer with Beth-

lehem Steel, on the morning of April 21 presented a talk well illustrated with slides

on rail steel characteristics. This talk will be enlarged upon and presented as a

special feature at the March 1971 convention of the Association.

The committee wishes to acknowledge with grateful appreciation tlie assistance

rendered to it by steel industry members of the Joint Contact Committee, AREA-
AISI, in the recent redrafting of the specifications in Part 2, Chapter 4-Rail, AREA
Manual.
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INVESTIGATION OF RAILS MADE BY THE AUSTRALIAN IRON AND STEEL COMPANY*

INTRODUCTION

At the request of the Southern Pacific Transportation Company an investiga-

tion was conducted to determine whether the quahty of rails rolled in Port Kembla,

Australia, by the Australian Iron and Steel Company, a division of Broken Hill

Properties, is comparable to that manufactured in the United States. To make this

comparison three 7-ft lengths of I32-lb RE rail sections were submitted to the

Association of American Railroads Research Center for an evaluation. This evalua-

tion was based on the results obtained from a rolling-load test, slow bend test,

drop test, chemical analysis, physical property determination, impact properties,

hardness survey and a metallurgical macroscopic and microscopic examination.

ACKNOWLEDGMENTS
This study was made under the general direction of Michael J. Wisnowski,

metallurgical engineer, who also prepared this report. The laboratory work was

conducted by Homer B. Johnson, assistant metallurgical engineer.

DESCRIPTION OF MANUFACTURING PRACTICE

No information as to the steel making process or control-cooling practice was

furnished. The letters CC in the web possibly refer to control-cooled rails.

DESCRIPTION OF TEST SPECIMENS

Three 7-ft lengdis of 132-lb RE rail sections rolled in 1968 were submitted.

The following identification was stamped in the web of these rail specimens:

Rail Heat No. Ingot No. Cut Letter

1 276691 24 E
2 277282 8 C
3 280856 10 A

These rail samples were assigned AAR metallurgical investigation Nos. 267A, B and

C, respectively.

RESULTS OF EXAMINATIONS

Following is an outline of the tests conducted at the AAR Research Center on

the various rail specimens.

Specimen No. Types of Tests Conducted

267A SB, P, C, MA(T), MA(L), MI(CL), MI(GS), H.
267B RL(12"), RL(C), P, I, C, MA(T), MA(L), MI(CL), MI(GS), H.
267C D, P, C, MA(T), MA(L), MI(CL), MI(GS), H.

Key to Symbol Designations

RL( 12")—Rolling-Load Test ( 12-In.-Stroke Machine)

RL(C)—Rolling-Load Test (Cradle-Type Machine)

D—Drop Test

SB—Slow Bend Test

P—Physical Property Determination

H—Hardness Survey

AAR Research and Test Department Report No. LT-221.
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I—Charpy Keyhole Impact Test

C—Chemical Analysis

MA(L)—Macroetch Test (Longitudinal section)

MA(T)—Macroetch Test (Transverse section)

MI(CL)—Microscopic Examination (Cleanliness determination)

MI(GS)—Microscopic Examination (Grain size determination)

Rolling-Load Tests

A portion of specimen 267B w as subjected to fatigue testing on the 12-in.-stroke

rolling-load machine. The loading arrangement used in this test is shown in Fig. 1.

A wheel load of 57,500 lb was used, and a bending moment of 575,000 in-lb was

developed at a point 2 in. beyond the support towards tlie free end. With this

cantilexer arrangement the outer longitudinal fibers of the rail head at this point

(2 in. beyond the support) were subjected to repeated loadings from zero to 25,555

psi. In this type of testing, 2,000,000 cycles of repeated loadings without failure is

considered a runout. This specimen withstood the 2,000,000 cycles of repeated load-

ings without failure. A summary of rolling-load test results can be found in Table lA.

A second piece of rail cut from specimen 267B was subjected to testing in the

cradle-t\pe rolling-load machine. This machine was designed to study the resistance

of rails to shelling. A diagram showing the loading arrangement of the cradle-type

rolling-load machine is shown in Fig. 2. In this diagram it can be noted that the

base of the rail is placed solid on the cradle attachment and this cradle rotates

approximately 13 deg from the vertical during testing. As the cradle rotates, the

wheel passes over the gage corner of the rail. A wheel load of 50,000 lb was applied.

The specimen subjected to this test ran to completion, which is 5,000,000 cycles, at

which time one small horizontal crack was noted on the side of the rail head. A

summary of the rolling-load test results can be found in Table IB.

To \erify the presence and extent of the shell, a transverse section was cut

through the greatest depressed area of dris test specimen. A photograph of this

transverse section can be seen in Fig. 3.

Drop Test

Specimen 267C was subjected to a drop test. This test was conducted in ac-

cordance with AREA specifications which state that rail tested head upwards on

supports 4 ft apart, shall withstand one blow of a tup dropped from a height of

22 ft. The specimen was subjected to five blows of the tup without failing. A sum-

mary of the drop test results is given in Table 2.

Slow-Bend Test

Specimen 267A was subjected to a slow bend test. This test was made on sup-

ports 4 ft apart with a two-point loading applied 6 in. on each side of a center line

drawn midway between the supports. The test was made with the rail base down

which subjects the head to a compressive stress and the base to a tension stress. A

diagram showing the loading arrangement used in this slow bend test is sliown in

Fig. 4. This specimen was taken to 5 in. of deflection under a 505,000-lb load with-

out breaking. The modulus of rupture was calculated to be 164,650 psi for this

specimen. A summary of the slow bend test results can be found in Table 3.
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Physical Property Determination

To determine the physical properties of Australian rail, two tensile bars were

obtained from the head of each rail. The areas from which these bars were taken

represent the mean location, about 90 deg apart, in the ingot. Tensile tests were

made on a Baldwin Universal Testing Machine having a 120,000-lb capacity. The

physical properties determined included ultimate strength, yield strength, reduction

of area, elongation and BUN. The yield strength was obtained \\ith an extensometer

and a 0.2% offset on the stress-strain curve. A summary of physical properties can

be found in Table 4.

Hardness Survey

A hardness survey was made over the cross section of a transverse slice cut

from rail specimens 267A, B and C. Hardness readings were obtained with a Brinell

Iiiudness tester using a 3,000-kg load. The range of hardness readings obtained from

these specimens is as follows:

Hardness Readings
Specimen No. Range

267A 235-274
267B 226-262
267C 248-275

A sketch showing the location checked and the hardness \alues obtained can be

found in Figs. 5, 6 and 7.

Charpy Impact Test

Standard charpy keyhole specimens were cut from the head of specimen 267B

for impact testing. These specimens were cut longitudinal to the rail which is in

the direction of rolling. Two samples were tested at 40-deg temperature increments

between 35 and 355 deg F. A summary of the impact values obtained at each tem-

perature and the average impact value of the two specimens tested are reported in

Table 5. The fractured faces of the impact specimens and their fracture ratings

(percent brittle fracture) can be found in Fig. 8. These tests were performed on a

Riehle impact tester which had been recently checked against standard Watertown

arsenal impact specimens with known values.

Chemical Analysis

Check chemical analyses were made by a commercial laboratory on samples

taken from specimen 267A, B and C. These samples were taken from a mean loca-

tion in the rail head. Carbon, manganese, phosphorus, sulfur and silicon determina-

tions were made on drillings obtained with a ^s-in. bit. The residual elements were

detemiined spectrographically off a )2-in.-s(iuare block. An examination of these re-

sults showed that the composition met the AREA specification requirement. A sum-

mary of the results from this check analysis can be found in Table 6.

Macroscopic Examination

To determine the soundness of these steel rails transverse sections cut from

samples 267A, B and C were macroetched in a hot 50 percent aqueous solution

of hydrochloric acid. A macroscopic examination of section 267A showed a normal

ingot pattern. Also noted were a few light seams on the top and side of the head

and top and bottom of the base flange. Section 267B showed sound internal quality.
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A few light seams were noted on tlie top and side of the head and on the bottom

of the base flange. Section 267C showed segregation and pipe in the web and heavy-

subsurface porosity. Numerous heavy seams on the top and side of the head and

top and bottom of the base flanges were noted in this section. Photographs of these

macroetched trans\erse sections are shown in Figs. 9, 10 and 11. A summary of

the findings from this macroscopic examination can be found in Table 7A.

To determine whether there were any shatter cracks or hot torn steel in these

rail specimens, longitudinal sections were cut from the head and macroetched in a

hot 50 percent aqueous solution of hydrochloric acid. An examination of these

macroetched longitudinal sections showed heavy segregation streaks in samples 267A

and C. Sample 267B showed sound steel quality. Photographs of these macroetched

longitudinal sections are shown in Figs. 12, 13 and 14. A summary of the findings

from this macroscopic examination can be found in Table 7B.

Microscopic Examination

To \'iew the grain structure of the rail steel, specimens were cut from samples

267A, B and C for a microscopic examination. These specimens were taken so as to

examine the plane transverse to the direction of rolling. The specimens were etched

with a 1% nital solution and examined at a magnification of lOOX. In examining

these specimens it was noted that the structure consisted of only pearlitic grains

which is a structure of eutectoid composition. The grain size of this product was

estimated to range from 2 to 5 as determined by comparing the actual grains noted

against an ASTM chart, Designation E 112, Plate 1. Photomicrographs of grain

structures are shown in Figs. 15, 16 and 17. A summary of the findings from the

microscopic examination can be found in Table 8A.

Steel cleanliness was established on specimens cut from samples 267A, B and C.

The specimens used in this examination were taken so as to view the plane in the

direction of rolling. These specimens were unetched and examined at a magnifica-

tion of lOOX. In examining these specimens, non-metallic inclusions of the sulfide

and silicate types were found. These inclusions were rated by comparing them

against an ASTM chart, Designation E 45, Plate 1. A summary of these cleanliness

ratings can be found in Table 8B. Photomicrographs showing the cleanliness are

shown in Figs. 18, 19 and 20.

CONCLUSIONS

This evaluation of rails that were manufactured by the Australian Iron and

Steel Company and submitted to the AAR by the Southern Pacific Transportation

Company, resulted in the following conclusions:

1. The rolling-load test that was conducted in the 12-in.-stroke rolling-load

machine ran 2,000,000 cycles of repeated loadings without failure.

2. The rail sample subjected to the cradle-type rolling-load test ran to com-

pletion, which is 5,000,000 cycles, at which time a horizontal crack

identified as a shell was noted on the side of the rail head.

3. The sample subjected to a drop test withstood fi\e blows of the tup w ith-

out failing. This meets the AREA requirement of withstanding one blow

of the tup.

4. The sample subjected to slow bend testing was taken to 5 in. of deflection

under a 505,000-lb load without breaking. This sample de\eloped ;i

modulus of rupture of 164,650 psi.
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5. The physical properties of the Australian rails are coinparahle to rails

domestically produced.

6. Hardness values obtained from these three rail samples were between 226
and 275 BHN.

7. Charpy keyhole impact values were found to be low, especially at room

temperatiue, which is generally characteristic. The transition temperature

for a 50% cleavage fracture was found to be approximately 275-deg F,

at which an average impact value of 7.6 ft-lb was established.

8. The chemical composition conformed to AREA specification requirements.

9. A macroscopic examination of the transverse sections showed specimens

267A and B had sound internal steel quality. The segregation, pipe and

subsurface gas porosity noted in specimen 267C could have a major

effect on the quality of welds when performed on this rail. The seams

noted on these sections, especially on the bottom of the base flange, are

in a zone where the maximum cyclic tensile stresses occur in service.

An examination of the macroetched longitudinal sections showed no

evidence of shatter cracks or hot torn steel. The heavy segregation streaks

noted in these sections have been noted in other work to act as nuclei

from which shelly spots may initiate.

10. A microscopic examination of the structure showed that this steel was

of an eutectoid composition having a grain size ranging from 2 to 5.

An examination of the steel cleanliness showed moderate to heavy sulfide

and silicate inclusion concentrations which can influence shell formation.

Information as to the steel making and control-cooling practices was not

furnished.
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TABLE lA
ROLLING LOAD TKST RESULTS (12 IN. STROKE MACHINE)

Specimen Rail Section

No. (lb. yd.)

Rolling Load
Machine

(Type)

Wheel Load

(lb.)

Number of

Cycles

12 in. stroke

machine Rail did not fail (runout).

TABLE IB
ROLLING LOAD TEST RESULTS (CRADLE TYPE MACHINE)

Specimen Rail Section

No. (lb., yd.)

Rolling Load

Machine

(Type)

Wheel Load

(lb.)

Number of

Cycles Remarks

One small horizontal crack

noted on side of rail head

after completion of test

(see Figure 3).

Specimen
No.

Rail Section

(lb. /yd.)

Method of

Testing

Head up

TABLE 2
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TABLE 5

RESULTS OF CHARPY IMPACT TESTS
(Keyhole Notch)

Rail

Sample

No.
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TABLE 6

CHEMICAL COMPOSITION
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TABLE 7A
RESULTS OF MACROSCOPIC EXAMINATION

(Transverse Sections)

Sample No.

267A

267B

267C

Etchant

Hot 50% aqueous

solution of

hydrochloric acid.

Hot 50% aqueous

solution of

hydrochloric acid.

Hot 50% aqueous

solution of

hydrochloric acid.

Visual Observations

Normal ingot pattern. Few light seams on

top and side of head also top and bottom of

base flange (see Figure 9).

Sound internal quality. Few light seams on

top and side of head also on bottom of base

flange (see Figure 10).

Segregation and pipe in web. Heavy sub-

surface porosity. Numerous heavy seams
on top and side of head also top and bottom

of base flange (see Figure 11).

TABLE 7B
RESULTS OF MACROSCOPIC EXAMINATION

(Longitudinal Sections)

Sample No.

267A

267B

267C

Etchant

Hot 50% aqueous

solution of

hydrochloric acid.

Hot 50% aqueous

solution of

hydrochloric acid.

Hot 50% aqueous

solution of

hydrochloric acid.

Visual Observations

Heavy segregation streaks

(see Figure 12).

Sound steel (see Figure 13).

Heavy segregarion streaks

(see Figure 14).
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TABLE 8A
RESULTS OF MICROSCOPIC EXAMINATION

(Specimens Cut Transverse to the Direction of Rolling)

ample

No.
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Wheel Path

12"

14- 19'

Tie Down

Support

Rail

Support

Bed

14" 27'

Fig. 1—Diagram showing the loading arrangement of the 1 2-in.-stroke

rolling-load machine.

14 7/8"

Cradle

attachment. Uulates approximately

13° from vertical

ai'oHnd gage curner.

Fig. 2—Diagram showing the loading arrangement of the cradle-type rolling-load machine.
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Fig. 3 Transverse section cut from specimen 267B-2 after the specimen had been

subjected to 5,000,000 cycles in the cradle-type rolling-load machine.
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Load
Applied

yrs

„ 12"— -^

** 6" -^——^- 6"

rr±T

^
stationary

base fixture

a

Fig. 4—Diagram showing the loading arrangement of the slow bend test.
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BHN READINGS

Fig. 5—Results of a hardness survey made on a transverse section cut from specimen 267A.
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BHN READINGS

Fig. 6—Results of a hardness survey made on a transverse section cut from specimen 267B.
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BHN READINGS

o

Fig- 7—Results of a hardness survey made on a transverse section cut from specimen 267C.
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Temp. Avg. Impact

Tested at Values Rating

(OF) (ft. -lb.) % Silky

350

75^

115^

I550

195^

235"-

31
S''

1.4

1.5

2.4

3.6

5.8

275° 7.6

8.5

mmmm^^m^

"SSSO 8.3

100%

100%

100%

95%

90%

50%

30%

10%

Fig. 8—Fractured faces of impact specimens testecJ at different temperatures. The

overage impact values and fracture ratings (percent brittle fracture) for each group of

specimens tested are shovvn in the accompanying table.
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f'9- 9—Macroetched transverse section cut from specimen 267A. Etchant, hot 50%
aqueous solution of hydrochloric acid.
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Fig. 10—Macroetched transverse section cut from specimen 267B. Etchant, hot 50%
aqueous solution of hydrochloric acid.
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Fig. n- -Macroetched transverse section cut from specimen 267C. Etchant, hot 50%
aqueous solution of hydrochloric acid.
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Fig. 12—Macroetched longitudinal section cut from specimen 267A. Etchant, hot 50%
aqueous solution of hydrochloric acid.

-si

Fig. 13—Macroetched longitudinal section cut fro.-n specimen 267B. Etchant, hot 50%
aqueous solution of hydrochloric acid.

Fig. 14—Macroetched longitudinal section cut from specimen 267C. Etchant, hot 50%
aqueous solution of hydrochloric acid.
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Fig. 15—Photomicrograph showing grain structure in specimen 267A. Etchant, 2%
magnification, 100X-

nital;

Fig. 16—Photomicrograph showing grain structure in specimen 267B. Etchant, 2%
magnification, lOOX-

nital;
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Fig. 17—Photomicrograph showing grain structure in specimen 267C. Etchant, 2%
magnification, 100X-

nital;

Fig. 18—Photomicrograph showing the steel cleanliness of specimen 267A.
Unetched; magnification, 100,'.
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Fig. 19—Photomicrograph showing the steel cleanliness of specimen 267B.

UnetchecJ; magnification, lOOX-

Fig. 20—Photomicrograph showing the steel cleanliness of specimen 267C.

UnefchecJ; magnification, lOOX-
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INVESTIGATION OF 140 LB/YO RAIL MADE FROM VACUUM DEGASSED STEEL*

INTRODUCTION
In May 1968, the Penn Central Transportation Company placed an order witli

the United States Steel Corporation for one heat of vacunni degassed steel to be

rolled into 140-lb rail sections. This heat was made at the South Works plant on

May 15, 1968, and the ingots were transported to the Cary Mill where they were

rolled into rail. At the request of the Penn Central, an AAR representative witnessed

the making of this heat and the rolling of the ingots into rails. In addition, the AAR
Research Department was requested to conduct an investigation to evaluate rail

made by this process. This is a report of the AAR study based on the results of

rolling-load tests, slow bend tests, drop tests, chemical analysis, physical property

detennination, hardness survey and a metallurgical macroscopic and microscopic

examination.

PURPOSE OF INVESTIGATION

Presently, rails are manufactured in 39-ft lengths. The desire to obtain longer

lengths of rail has been e.xpressed by many railroads because of savings anticipated

from a reduction in the number of welded joints required in continuous welded rail

strings. One factor inhibiting the production of rails longer than 39 ft is the practice

of control cooling in covered containers. Control cooling is employed to prevent

the development of internal flakes or shatter cracks that have been causally related

to the level of hydrogen absorbed in the steel. With the use of vacuum degassing,

h\drogen content is controlled by a different technique; therefore, it is believed

that rails made of xacuum degassed steel can be air cooled without shatter cracks

developing. The purpose of this investigation is to determine whether rails made

from vacuum degassed steel and air cooled are comparable in properties with rail

steel produced by currently common practices.

ACKNOWLEDGMENT
The work was undertaken at the request of W. T. Hammond, engineer of

standards, Penn Central ( now retired ) . The investigation was under the general

direction of J. C. Britton, mechanical engineer, AAR Research Department, assisted

by M. J. Wisnowski, metallurgical engineer, and H. B. Johnson, assistant metallurgical

engineer. This report was prepared by Mr. Wisnowski.

DESCRIPTION OF MANUFACTURING PROCESS
On May 15, 1968, one heat of vacuum degassed steel was made by the United

States Steel Corporation at its South Works Plant in the No. 2 electric furnace shop.

A 100-ton electric furnace and an all scrap metal charge was used in the production

of this heat. Also used was a single-slag steel making practice which is a production

heat. The chemical composition ordered was in accordance with the AREA Specifi-

cation for steel rails of 121 11) and over. This heat was assigned heat number 8R2240.

Vacuum degassing was accomplished by stream degassing with the ladle to

ladle (LL) method. In this case the tapping ladle had a 2/4-in. nozzle whereas the

pouring ladle had a 2J2-in. nozzle. Prior to tapping the heat into a tapping ladle a

pouring ladle was placed in a degassing chamber and the pressure was reduced to

200 microns which is equivalent to 0.2 mm of mercury. To meet the desired teenniig

• AAR Research iind Test Department Report No. H-IOI.
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temperature of 2730/2740 F a tap temperature of 2910/2930 F was suggested. After

tapping, the tapping ladle was placed on top of the degassing chamber and an air

seal was formed between the tapping ladle and degassing chamber. The molten

steel was then transferred from the tapping ladle to the pouring ladle. During this

transfer additions of deoxidants such as Fe Si and Fe Ti were added to the pouring

ladle in the degassing chamber by means of a chute. While making these additions

the pressure surged to about 900 microns and when completed the pressure leveled

off at about 400-450 microns.

After the steel transfer was completed, the tapping ladle and the cover were

removed from the degassing chamber. The pouring ladle was then taken from the

degassing chamber and positioned at the pouring platform for teeming into ingots.

This vacuum degassed heat was then teemed into botli big-end-up hot topped

(C&D type) and big-end-down open top molds. The pouring sequence was as

follows:

1. Six 25-in. x 25-in. x 72-in. hot topped ingots.

2. Six 24-in. x 24-in. x 90-in. open top ingots. When 6 in. below ordered

pour height, five pieces of Rey-Dox (aluminum) were added, then the

ingot was filled up.

3. Balance of heat was poured into 25-in. x 25-in. x 72-in. hot topped ingots

of which there were four ingots.

The line up indicated that after these ingots were held for the required hold time,

they were sent in their molds to the No. 4 stripper at Gary Steel Works. At the

stripper the molds were removed from the ingots. These ingots were then delivered

and charged into a soaking pit

After the required soaking time the ingots were rolled to a 140.25-lb section

rail on the rail mill. The hot topped ingots yielded four 39-ft rail lengths whereas

the open top ingots produced five 39-ft rail lengths. All rails were cooled on cooling

beds and then set aside for an incubation period of about 12 days.

Specimens representing the top end of the top rail were taken by the producer

from each ingot and subjected to either the drop test or nick-and-break test. The
specimens cut from the top of hot topped ingots 2, 15 and 16, and open top ingots

7 and 12 were used for drop tests. It was reported that all specimens withstood

the requirement of one blow without failure as required in the AREA specificatioij.

In examining the fractvued faces resulting from the nick and break test it was found

that the specimens cut from hot topped ingots 1, 3, 4, 5, 6, 13 and 14 all showed

sound steel quality. In examining the fractured faces of the nick-and-break test

specimens from the open top ingots 8, 9, 10 and 11 it was found that 9 and 11

were sound and 8 and 10 had a pipe in the web area.

After the incubation period these rails were ultrasonically tested by U. S. Steel

to determine whether any internal flakes developed. It was reported that no shatter

cracks were found as a result of this testing.

DESCRIPTION OF TEST SPECIMENS

For this evaluation samples were obtained from the top and bottom rails of

the sixth (big-end-up, hot topped) and seventh (big-end-down, open top) ingot.

There were four 39-ft lengths obtained from the sixth ingot; therefore these test

specimens were taken from the top of tlie A rail and bottom of the D rail. Ingot
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seven yielded five 39-ft lengths; therefore the test specimens were cut from the top

of the A rail and bottom of the E rail. The first 2/2 ft cut from these rails was sent

to the U. S. Steel Corporation laboratory. The next three 6-ft pieces were sent to

the AAR Research Center. Specimens cut from the top rail of the sixth ingot were

identified as 6A-1, 6A-2 and 6A-3. The specimens from the bottom rail of this ingot

were marked 6D-1, 6D-2 and 6D-3. Specimens cut from the top rail of the seventh

ingot were identified as 7A-1, 7A-2 and 7A-3. The specimens from the bottom rail

of this ingot were marked 7E-1, 7E-2 and 7E-3. A schematic drawing showing the

sample procurement is shown in Fig. 1.

RESULTS OF EXAMINATIONS
Following is an outline of the tests conducted at the AAR Research Center on

the various rail specimens.

Specimen No. Types of Tests Conducted

6A-1 D, MA(T), MA(L), H, C, MI(GS), MI(CL).
6A-2 SB.
6A-3 RL(12"), RL(C), I, P.

6D-1 D, MA(T), MA(L), H, C, MI(GS), MI(CL).
6D-2 SB.
6D-3 RL(12"), RL(C), I, P.

7A-1 D, MA(T), MA(L), H, C, MI(CS), MI(CL).
7A-2 SB.
7A-3 RL(12"), RL(C), I, P.

7E-1 D, MA(T), MA(L), H, C, MI(GS), MI(CL).
7E-2 SB.
7E-3 RL(12"), RL(C), I, P.

Key to Symbol Designations

RL( 12")— Rolling-Load Test ( 12-In.-Stroke Machine)
RL(C)— Rolling-Load Test (Cradle-Type Machine)

D— Drop Test

SB— Slow Bend Test

P— Physical Property Determination

H—.Hardness Survey

I—.Charpy Keyhole Impact Test

C— Chemical Analysis

MA(L)— Macroetch Test (Longitudinal Section)

MA(T)— Macroetch Test (Transverse Section)

MI(CL)— Micro.scopic Examination (Cleanliness Determination)

MI(GS)— Microscopic Examination (Grain Size Detemiination

)

Following is a summary of the results of these studies.

Rolling-Load Tests

Portions of specimens 6A-3, 6D-3, 7A-3 and 7E-3 were subjected to fatigue

testing on the 12-in.-stroke rolling-load machine. The loading arrangement used in

this test is shown in Fig. 2. A wheel load of 61,500 lb was used and a bending

moment of 615,000 in-lb was developed at a point 2 in. beyond the support towards

the free end. With this cantilever arrangement the outer longitudinal fibers of the

rail head at this point (2 in. beyond the support) were subjected to repeated loadings

from zero to 24,600 psi. In this type of testing, 2,000,000 cycles of repeated loadings
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without failnrt^ is considered a runout. All four of these rails withstood the 2,000,000

cycles of repeated loadings without failure. A summary of the rolling-load tests can

be found in Table lA.

A second piece of rail cut from specimens 6A-3, 6D-3, 7A-3 and 7E-3 was

subjected to testing in the cradle-type rolling-load machine. This machine is designed

io study the resistance of rails to shelling. A diagram showing the loading arrange-

ment of this cradle-type rolling-load machine is shown in Fig. 3. In this diagram it

can be noted that the base of the rail was placed solid on a cradle attachment and

ihis cradle rotates approximately 13 deg from the vertical during testing. As the

cradle rotates the wheel passes over the gage corner of the rail. A wheel load of

50,000 lb was applied. From this testing the rails cut from specimens 6A-3 and

7E-3 ran 5,000,200 and 5,003,700 cycles, respectively, without developing a shell.

Rails cut from specimens 6D-3 and 7A-3 developed a shell after 1,854,300 and

1,087,000 cycles, respectively. Table IB is a summary of rolling-load test results. To

verify the presence of shells a transverse section was cut through the greatest de-

pressed area from each of the rails tested. A photograph of these transverse sections

can be seen in Figs. 4 through 7.

Drop Tests

Specimens 6A-1, 6D-1, 7A-1 and 7E-1 were subjected to drop tests. This test

was conducted in accordance with AREA specifications which states that these rails,

tested head upwards on supports 4 ft apart, shall withstand one blow of a tup

dropped from a height of 22 ft. All these specimens were subjected to three blows

of the tup without failing. A summary of the drop test results is shown in Table 2.

Slow Bend Tests

Specimens 6A-2, 6D-2, 7A-2 and 7E-2 were subjected to slow bend testing.

These tests were made on supports 4 ft apart with a two-point loading applied 6 in.

on each side of a center line drawn midway between the supports. The tests were

made with the rail base down which subjects the head to a compressive stress and

die base to a tension stress. A diagram showing the loading arrangement used in

this slow bend tests is shown in Fig. 8. All these specimens were taken to 5 in. of

deflection without breaking. The modulus of ruptiue for these specimens ranged

from 175,345 to 184,345 psi. A summary of the slow bend test results can be found

in Table 3.

Physical Properly Determination

To determine the physical properties of this vacuum degassed steel, tensile bars

were obtained from the head and base of sections cut from specimens 6A-3, 6D-3,

7A-3 and 7E-3. A diagram showing tlie locations from which these tensile bars were

taken is shown in Fig. 9. The areas from which these bars were taken represent

the mean location, about 180 deg apart, in the ingot. These tensile tests were made
on a Baldwin Universal Testing Machine having a 120,000 lb capacity. The physical

properties determined include ultimate strength, yield strength, reduction of area,

elongation and BHN. The yield strength was obtained with an extensometer based

on a 0.2% offset of the stress-strain curve. A summary of these physical properties

can be foimd in Table 4.
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Hardness Survey

A hardness suixey was made over the cross section of a transverse slice cut

from rail specimens 6A-1, 6D-1, 7A-1 and 7E-1. These hardness readings were

obtained with a Brinell Hardness tester using a 3,()()0-kg load. The range of hardness

readings obtained from these specimens was as follows:

Specimen No. BHN Readings—Range

6A-1 269-284
6D-1 268-300
7A-1 266-284
7E-1 263-286

Figs. 10 through 13 are sketches showing the hardness values obtained at the

locations checked.

Charpy Impact TesI

Standard Charpy keyhole specimens were cut from the head and base of rails

6A-3, 6D-3, 7A-3 and 7E-3 for impact testing. These specimens were cut longi-

tudinal to the rail, which is in the direction of rolling. The tests were conducted at

room temperature which was 74 F. These tests were performed on a Riehle impact

tester which had recently been checked against standard Watertown arsenal impact

specimens with known values. Average impact values from this testing were as

follows:

Average Impact Values (Ft-Lb)
Specimen No. Head Base

6A-3 2.1 1.7

6D-3 2.0 1.8

7A-3 2.3 3.3

7E-3 2.1 1.9

A summary of these Charpy impact test results is shown in Table 5.

Chemical Analysis

Check chemical analyses were made by a commercial laboratory on samples

taken from specimens 6A-1, 6D-1, 7A-1 and 7E-1. These samples were taken from

a mean location in the rail head. Carbon, manganese, phosphorus, sulfur and silicon

determinations were made on drillings obtained with a %-m. bit. The residual ele-

ments were deternn'ned spectrographically off a /2-in.-square block. An examination

of these results showed that the composition met the AREA specifications require-

ment. A smnniary of the results from this check analysis can be found in Table 6.

Macroscopic Examination

To determine the soundness of these steel rails, transverse sections cut from

specimens 6A-1, 6D-1, 7A-1 and 7E-1 were macroetched in a hot 50'/^ aciueous solu-

tion of hydrochloric acid. A macroscope e.\annnation of the transverse section cut

from specimen 6A-1 (top of the big-end-up hot topped ingot) showed light .segrega-

tion in the center of the web. The macioctched trans\cMse section cut from specimen

7A-1 (top of the big-end-down open top ingot) showed tiie presence of primary

pipe. The macroetched transN er.se sections cut from 6D-1 and 7E-1 ( l)ottom of the

hot topped and open top ingots) were found to be of sound steel <iuality. Photo-

graphs of these macroetched transverse sections are shown in Figs. 14 through 17.

A sunnnary of tlic macroscope examination findings can be found in Table 7A.
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To determine whether shatter cracks had developed in these steel rails, longi-

tudinal sections were cut from the head of specimens 6A-1, 6D-1, 7A-1 and 7E-1
and macroetched in a hot 50? aqueous solution of hydrochloric acid. A macroscopic

examination of these longitudinal sections showed normal segregation streaks in

specimens 6A-1 and 7A-1 (top of hot topped and open top ingots). Longitudinal

sections cut from specimens 6D-1 and 7E-1 (bottom of hot topped and open top

ingots) showed sound steel quality. No shatter cracks were noted in these macro-

etched sections. Photographs of these macroetched longitudinal sections are shown
in Figs. 18 through 21. A summary of the findings from this macroscopic examination

is given in Table 7B.

Microscopic Examination

To view the grain structure of this vacuum degassed steel, specimens were cut

from rail samples 6A-1, 6D-1, 7A-1 and 7E-1 for a microscopic examination. These
specimens were taken so as to examine the plane transverse to the direction of

rolling. The specimens were etched with a 2% nital solution and examined at a

magnification of lOOX- In examining these specimens it was noted that the struc-

ture consisted of only pearlitic grains which is a structure of eutectoid composition.

The grain size of this product was estimated to range from 3/2 to 5/2 as detemiined

with the use of an ASTM chart. Designation E 112, Plate 1. Photomicrographs of

these grain structures are shown in Figs. 22 through 25. A summary of the findings

from this microscopic examination can be found in Table 8A.

Steel cleanliness was established on specimens cut from rail samples 6A-1, 6D-1,

7A-1 and 7E-1. The specimens used in this examination were taken so as to view

the plane in the direction of rolling. These specimens were unetched and examined
at a magnification of lOOx. In examining these specimens non-metallic inclusions

of the sulfide, silicate and oxide types were found. These inclusions were rated with

the use of an ASTM chart. Designation E 45, Plate 3, which is designated for steels

made by the vacuum degassing process. A summary of these cleanliness ratings can

be found in Table SB. Photomicrographs showing the steel cleanliness of these

specimens are shown in Figs. 26 through 29.

DISCUSSION

The physical properties, Brinell hardness readings, and Charpy keyhole impact

values of these vacuum degassed steel rails are compared to standard carbon steel

rails in the following table:
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The slow^ bond test results of the \acnuin degassed rails tested in this investigation

were:

Maximum
Deflection

(inches)
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8. The chemical composition conformed to the AREA specification ie(iuire-

ments.

9. A macroscopic examination of the trans\erse sections showed that the top

of the hot topped ingot had hght segregation and the open top ingot had

primary pipe in the center of the web. The longitudinal sections showed

no evidence of shatter cracks.

10. A microscopic examination of the structure showed the steel was of an

eutectoid composition having a grain size ranging from 3/2 to SM. An
examination of the steel cleanliness showed sulfide, silicate and oxide

inclusions.

11. As measured in the laboratory, the properties of this vacuum degassed

heat, without controlled cooling, were comparable to those measured

previously for steels made by more conventional techniques and subjected

to controlled cooling.

TABLE lA

ROLLING LOAD TEST RESULTS (12 IN. STROKE MACHINE)
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TABLE 4

PHYSICAL PROPERTIES
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TABLE 5

RESULTS OF CHARPY IMPACT TESTS

^

(Keyhole Notch)
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TABLE 6

CHEMICAL COMPOSITION

Elements
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Sample

No.

6A-1

6D-1

7A-1

7E-1

TABLE 7A
RESULTS OF MACROSCOPIC EXAMINATION

(Transverse Sections)

Etchant

50% Aqueous Solution

of Hydrochloric Acid

50% Aqueous Solution

of Hydrochloric Acid

50% Aqueous Solution

of Hydrochloric Acid

50% Aqueous Solution

of Hydrochloric Acid

Visual Observations

Light Segregation in Center

of Web (See Figure 14)

Sound Steel Quality (See

Figure 15)

Primary Pipe in Web (See

Figure 16)

Sound Steel Quality (See

Figure 17)

Macrotest conducted to show presence of pipe or fish tail.

Sample

No.

6A-1

6D-1

7A-1

7E-1

TABLE 7B
RESULTS OF MACROSCOPIC EXAMINATION

(Longitudinal Sections)**

Etchant

50% Aqueous Solution

of Hydrochloric Acid

50% Aqueous Solution

of Hydrochloric Acid

50% Aqueous Solution

of Hydrochloric Acid

50% Aqueous Solution

of Hydrochloric Acid

Visual Observations

Normal Segregation Streaks

Sound Steel (See Figure 18)

Sound Steel (See Figure 19)

Normal Segregation Streaks

Sound Steel (See Figure 20)

Sound Steel (See Figure 21)

Macrotest conducted to disclose presence of shatter cracks.
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TABLE 8A
RESULTS OF MICROSCOPIC EXAMINATION

(Specimens Cut Transverse to the Direction of Rolling)

Sample No. Etchant Magnification

6A-I 2% Nital lOOX

6D-1 2% Nital lOOX

7A-1 2% Nital lOOX

7E-1 2% Nital lOOX

Grain Size

3 1/2 to 5 1/2 predominant 4 (See Figure 22)

3 1/2 to 5 1/2 predominant 5 (See Figure 23)

3 1/2 to 5 1/2 predominant 5 (See Figure 24)

3 1/2 to 5 1/2 predominant 4 (See Figure 25)

*The average grain size was determined with the use of an ASTM chart, Designa-

tion E112, Plate 1.

TABLE 8B
RESULTS OF MICROSCOPIC EXAMINATION

(Specimens Cut Longitudinal to the Direction of Rolling)

Sample

No. Etchant Magnification

6A-1

6D-1

7A-1

7E-1

Unetched

Unetched

Unetched

Unetched

lOOX

lOOX

lOOX

lOOX

Cleanliness Ratings

Sulfide Type (A) - Few No. 1/2 to 2 Thin Series

Oxide Type (D) - Few No. 1/2 to 1 1/2 Heavy Series

(See Figure 26)

Sulfide Type (A) - Few 1 1/2 Thin Series

Silicate Type (C) - Few No. 2 1/2 Heavy Series

Oxide Type (D) - Very Few No. 1 Light Series

(See Figure 27)

Sulfide Type (A) - Few No. 1 1/2 Heavy Series

Oxide Type (D) - No. 1/2 to 1 1/2 Light Series, also

Heavy Oxide Stringer

(See Figure 28)

Sulfide Type (A) - Few No. 1 Light Series

Oxide Type (D) - Few No. 1 Light Series, also

Heavy Oxide Stringer

(See Figure 29)

Cleanliness determinations were made with the use of an ASTM chart, Designa-

tion E45, Plate 3 (for use on vacuum processed or other special quality steel).

II II I. (CM
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6A-3

TOP OF RAILS 6A AND 7A

6D-3
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14' H--

Wheel Path -*"

12"

19'

Tie Down

Support

Rail

Support

2"--^

Bed

^
14" >- 27'

Fig. 2—Diagram showing the loading arrangement of the 1 2-ln.-stroke

rolling-load machine.

-14 7/8"

L^ Wheel P;

Cradle

atlachmcnl. Rolalos approximate
13° from vcrlic-al

around gage corm-r.

Fig. 3—Diagram showing the loading arrangement of the cradle-type rolling-load machine.
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Fig. 4—Transverse section cut from specimen 6A-3 after the specimen had been subjected
5,000,200 cycles in the cradle-type rolling-load machine.
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t
Fig. 5 Transverse section cut from specimen 6D-3 after the specimen had been subjected

to 1,854,300 cycles in the cradle-type rolling-load machine.
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2431

Fig. 6—Transverse secfion cut from specimen 7A-3 after the specimen had been subjected

to 1,067,600 cycles In the cradle-type rolling-load machine.
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Fig. 7—Transverse section cut from specimen 7E-3 after the specimen had been subjected

to 5,003,700 cycles in the cradle-type rolling-load machine.
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Fig. 8—Diagram showing the loading arrangement of the slow bend lest.
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Fig. 9—Diagram showing the locations where tensile specimens were taken.
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Fig. 10—Results of a hardness survey made on a transverse section cut from specimen 6A-1.
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Fig. 11—Results of a hardness survey made on a transverse section cut from specimen 6D-1.
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Fig. 12—Results of a hardness survey made on a transverse secHon cut from specimen 7A-1.
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BHN READINGS

Fig. 13—Results of a hardness survey made on a transverse section cut from specimen 7E-1.



Fig. 14—Macroetched transverse section cot from specimen 6A-1. Etchant, hot 50%
aqueous solution of hydrochloric acid.
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243D

Fig 1 5—Macroetched transverse section cut from specimen 6D-1
.

Etchant, ho.

aqueous solution of hydrochloric acid.

50'
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Fig. 16—Macroetched transverse section cut from specimen 7A-1.
aqueous solution of hydrochloric acid.

Etchant, hot 50%
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243J
Fig. 17—Macroetched transverse section cut from specimen 7E-1. Etchant, hot 50%

aqueous solution of hydrochloric acid.
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Fig. 18—Macroetched longitudinal section cut from specimen 6A-1. Etchant, hot 50%
aqueous solution of hydrochloric acid.

Fig. 19—Macroetched longitudinal section cut from specimen 6D-1. Etchant, hot 50%
aqueous solution of hydrochloric acid.



Fig. 20—Macroetched longitudinal section cut from specimen 7A-1. Etchant, hot 50%
aqueous solution of hydrochloric acid.

Fig. 21—Macroetched longitudinal section cut from specimen 7E-1. Etchant, hot 50%
aqueous solution of hydrochloric acid.
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Fig. 22—Photomicrograph showing the grain structure in specimen 6A-1. Etchant,

2% nital; magnification, lOOX-

Fig. 23—Photomicrograph showing the grain structure in specimen 6D-1. Etchant,

2% nital; magnification, lOOX-
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Fig. 24—PhoJomicrograph showing the grain structure in specimen 7A-1. Etchant,

2% nital; magnification, 100X-

Fig. 25—Photomicrograph showing the groin structure in specimen 7E-1. Etchant,

2% nital; magnification, 1 00 \

.
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Fig. 26—Photomicrograph showing the steel cleanliness of specimen 6A-1.
Unetched; magnification, 100X-

Fig. 27—Photomicrograph showing the steel cleanliness of specimen 6D-1.

Unetched; magnification, 100X-
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Fig. 28—Photomicrograph showing the steel cleanliness of specimen 7A-1.

Unetched; magnification, 100X-

Fig. 29—Photomicrograph showing the steel cleanliness of specimen 7E-1,

Unetched; magnification, 100X-
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Report on Assignment 3

Rail failure statistics, covering (a) all failures, (b) transverse

fissures, (c) performance of control-cooled rail

R. F. Bush (chaiinian, suhcommittee), B. G. Anderson, S. H. Baklovv, R. D. Cla-
i5()HN, L. S. Crane, R. E. Gorsuch, C. E. R. Haight, V. E. Hall, T. B.

IluTCHEsoN, A. V. Johnston, J. F. Lyle, A. B. Mehritt, C. F. Parvin, H. L.
Rose, Emil Szaks.

This report is a tonipilation of data on rail failurt' reported to December 31,

1969, by railroads that are responsible for approximately 90% of the main track

mileage of Class I Roads. The reports are furnished on a \oluntary iiasis by railroads.

However, given the fact that most failures are reported by a small number of rail-

roads, it is evident that there is little uniformity in reporting failure data. Therefore,

it is not feasible to draw definitive conclusions, e.xcept on the assumption that each

railroad has been consistent in its reporting practice. In that case, trends can be

examined. Howe\er, absolute comparisons and total failure rates cannot be derived

from the data.

This report is a technical service of the Research and Test Department of the

Association of American Railroads in response to a continuing request for this com-

pilation from the Rail Committee.

Data on service transverse fissure failures and detected transxerse defects are

given in Table 1 and Fig. 1. It will be noted from Fig. 1 that the service transverse

fissures (Line "A") decreased during 1969, and that there was also a decrease in

detected transverse defects (Line "B").

The number of track miles tested by detector cars as reported for 1968 and

1969 is as follows:

Year No. of Roads Track Miles Tested
Tested Reporting by Detector Car

1968 43 220,139
1969 42 222,297

Since 1958 the number of track miles reported tested by detector cars has

ranged from a low of 193,516 in 1961 to a high of 222,297 in 1969, as .shown in

this year's report.

Mill Performance

The number of service and detected rail failures that occur during the first five

years of service has been considered to be a good criterion of mill performance and
the quality of rail as manufactured. Fig. 2 shows these failures for rollings from

1908 to 1963, incl. An explanation of the large decrease in the number of failures

throughout this period can be formd in the AREA Proceedings, Vol. 64, page 509.

There is a slightly increasing trend from the 1955 low, accentuated somewhat
in the 1963 rollings, and Table 3 indicates this is continuing in tlie rollings from

1964 to 1968, incl. Although the five-year failure rate is still at a relatively low level,

a review of mill practices, consideration of innovations in rail manufacture, and
study of possible effects of increa.sed wheel loadings seems desirable in an endeavor

to reverse this trend.

Fig. 3 shows the control-cooled rail failure rates cumulatively for the rollings

from 1959 to 1968, incl., by the difterent inills. In making comparisons between mills
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as reflected in this figure, it is important to recognize that because of ser\ice condi-

tions on roads serxed by the \arious mills, these failures data should not be taken

as necessarily indicatixe of the rail (juality. A detailed explanation of the reasons for

the difference in failure rates for the difl:"erent mills and different year's rollings was

given in the 1963 report for rollings up to and including the 1960 rollings. The fol-

lowing comments are explanatory of the significant differences between Fig. 3 in

this year's report and last year's report.

Algoma: There were decreases in failures reported in 1969 in the 1966 rollings

to 18.9 failures per 100 track mile years, down from 24.3 reported in 1968.

Carnegie: This will be the last reporting year in the ten-year reporting period;

2.3 miles were still reported laid in 1959.

There was no appreciable difference in the reported failure pattern of any of the

other mills.

Table 2 shows the tons of new rail rolled for the reporting roads and the cor-

responding track miles by years. There was a substantial increase from the 512,295

net tons reported in 1967 rollings to 605,278 net tons reported in the 1968 rollings.

Rollings for any railroad from one mill of less than 500 tons are not included.

Fig. 4 and Table 3 from which the figvu-e is derived, shows the effect of years

of service on rail failures; also a comparison of the reduction in failure rates effective

with the new rail sections introduced in 1947. For the ninth and tenth years of serv-

ice, the difference between tlie failure rates for the old sections and new sections is

more than indicated by Fig. 4 because nnich of the tonnage of the old sections

having the highest failure rates was replaced and therefore no longer reported.

Table 4 shows the total amount of track miles of rail (all sections in rollings

between 1959 and 1968) segregated by mill and railroad. Also shown in this table

is the total number of failures (excluding EBF's) and the engine burn failures tliat

occurred on each railroad in 1969 in these rollings. A comparison of Table 4 in this

year's report .shows an increase in total track miles from 22,786 to 23,118, in faihrres

during the year, excluding EBF's, from 1,847 to 1,549 and in EBF's only, from

54 to 25.

Types of Failures

Table 5 shows the accumulated service failures and detected defects in number

and per 100 track miles in the rollings from 1959 to 1968, incl., that have been

reported to December 31, 1969, classified by mill and type of defect. Comparing this

table with last year's corresponding table, the total number of defects of all types

decreased from 5,808 to 5,331; and with a slight increase in the total track miles

as shown in Table 4, the failures per 100 track miles decreased from 4.68 to 4.54.

The predominant types of failures continue to be CF & DF which represents

17 percent of the total failures per 100 track miles; Other Head which represents

25 percent; and Web-in-Joint which represents 28 percent.

The extent to which the "New Rail Sections" adopted in 1947 have affected

the number of failures of each type is indicated in the following tabulation which

shows the accumulated failures in the "Old Sections" in the 1938 to 1947 Rollings,

inch, which include mostly control-cooled rail; in the 1959 to 1968 rollings, inch,

which include mostly new but some of the old sections; and in the 1958 to 1967

rollings, incl., which include the new sections ouly, as shown in Table 5A.
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in 1969. Both rails were rolled in 1953, one by Dominion and the other by Steelton.

Both failed from hot torn steel. It should be pointed out that no transverse fissures

have developed as a result of hot torn steel in the rollings sinee 1955, shatter cracks

since 1956 or inclusions sinee 1951. This shows that good quality control and mill

practices haxe been followed in the manufacture of this rail to avoid shatter cracks.

Table 9 gives the number of welded engine burns in track and the number of

failed welded engine bums during 1969 as reported by a few roads that keep a

record of this information. Of tlie seven roads that were able to repoit both the

numbers in track and failures, out of a total of 353,498 welded engine burns in

track, 54 rail failures from welded engine burns were reported dming 1969, or a

rate of one rail failure per 6,546 welded engine burns. This low incidence of failure

indicates that the practice of welding engine burns is showing good service per-

formance. Extensive laboratory tests made in the rolling-load machines several years

ago indicated that a welded engine bum was less likely to develop a progressive

fracture under the repeated loading than an engine bum which had not been welded.

The use of care and good procedure in welding engine bums is, of course,

an important factor in obtaining good service perfomiances.

All Rail Failures

In 1961, die Rail Committee decided tliat it would be helpful to initiate a

report of all rail failures in main track. Data were compiled for the year 1969 with

respect to rail section, type of failure, service or detected, and track miles as reported

on Form 402B, and are shown in Table 10. The number of track miles reported

increased from 227,875 in 1968 to 228,037 in 1969. The total number of service

failures and detected defects, including engine bum fractures, increased from 150,484

in 1968 to 163,738 in 1969. The following tabulation shows these results on a track

mile basis from 1962 to 1969, inch
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REPORTED SY ALL RAILROADS
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VKAHS si:k\ ick
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TABLE 2

TONS OF RAILS AND TRACK MILES OF EACH YEAR'S ROLLINGS 1959 TO 1968, INCL.

REPORTED BY 42 RAILROADS

Year

Rolled
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TRACK MILES. IN UOLLINGS lUSit TO ISbH OPtN HE I FAILimES. ALL TYPES

RAILROAD
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TABLE 6

ACCUMIII^TIVE SERVICE AND DETECTED FAILimfS OK ALL TYPES FOR OH AND BO CONTROL COOLED RAIL ONLY,
IN ROLUNIW 1959 lo 196«, INC. , ACCl'Ml'LATED TO DECEMBER 31 , 1969, SEOREOATED BY ROADS AND MILI^

ROADi MILL
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TABLE 6 (CONTINUED)

^^^ o'l';V^^^'^
SERVICE AND DETTRCTED FAILL'UES OF ALL TYPES FOR OH AND BO CONTROL COOLED RAM ONLY

IN ROLLINGS 1959 TO IOUh. incl.
.
ACCl'MrUVTED TO DECEMBER 31 . 1969. SEGREGATED BV ROADS AND MILKS

'

ROAD t MILL

"lackawanna
Baltimore & Ohio

Canadian National

Chesapeake L Ohio

Great Northern

Lehigh Vailey

Maine Central

Norfolk & Western
Northern Pacific

Penn Central

Pittsburgh, Lake Erie

Soo Line

TOTAL
'

ST E ELTON
Baltimore l Ohio

Bangor t Aroostook
Chesapeake t Ohio

Delaware & Hudson
eat Northern

ssouri Pacific

rfolk s. Western
Penn Central

Reading

Richmond, Fredericksburg & Potomac
Seaboard Coast Line

Eern Maryland ^^^__^^^
TOTAL

" '

TENNESSEE
Atchison. Topeka. Santa Fe
Illinois Central

Louisville L Nashville

louri, Kansas, Texas
Missouri Pacific

Norfolk £ Western
St. Louis, San Franolsco

Seaboard Coast Line

Southern Pacific

Soo Line

TOTAL

FAILL^RE TOTA LS

TOTAL ALL MILLS
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TABLE 7

HAIL FAlLlfRES IN THK WEB WITHIN JOINT HAH LIMITS FOUND IN IftCa ON HAIL OK 100 LB. AND ALL IIEAVIKK SECTIONS
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TABLE 9

WELDED ENGINE BURNS AND FAILURES
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SECTION L

LB. PER YD.
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Report on Assignment 4

Rail end batter; causes and remedies

R. C. PosTKLs (chairman, suhcommittee), R. E. Catlett, Jh., M. W. Clark, P. K.
Cruckshank, a. R. DeRosa, J. H. Greason, Jr., R. E. Haacke, V. E. Hall,
T. B HuTCHESON, W. S. Lovelace, J. F. Lyle, A. B. Merritt, Jr., B. J. Mur-
phy, Embert Oslanu, J. S. Parsons, J. M. Rankin, R. B. Rhode, C. L. Stan-
ford, W. G. Stuublefield, John H. Watts, D. J. White.

The following report on how one railroad took care of rail end batter by use

of the semi-automatic wire feed weld is presented as information.

HOW ONE RAILROAD TOOK CARE OF RAIL END BATTER BY USE OF THE

SEMI-AUTOMATIC WIRE FEED WELD

This program was started on August 5, 1968, at Mile Post 935, and was
progressed until July 18, 1969, covering a total distance of 89.3 miles. An average

of 13.75 inches of rail per joint was welded at 25,135 rail joints. The cost per joint

of this work was $3.43, or $0.24945 per inch.

Equipment used in this operation included a bolt machine with one operator

and one trackman changing out cracked angle bars and tightening bolts, and a spot

tamper with one operator and a foreman spotting joints ahead of the welding. The
actual welding force consisted of one lead welder, two welders, two trackmen with

preheaters, and two men running the rail grinders and the slotter. Additional equip-

ment, in the sequence in which the items were worked on the job, was as follows:

four lightweight push cars upon each of which was mounted one double-end heater

for rail end pre-heating along with a 100-lb propane tank with propane regulator

and hose; and one 6000-lb capacity push car with brakes upon which was mounted
a 400-amp gas-engine-driven electric welder. Also on each of tlie lightweight push

cars was the following equipment attached to the welder and tlie push car to use

the semi-automatic wire feed for rail end build-up: one wire feed unit, one torch

and 10 ft of conduit assembly, 3/32-inch replacement tips for torch, 125 ft of 4/0
welding power cable, one plug shell, one 8-pole female contact, and one 115-v DC
to AC converter. Following the welders were two rail grinders, and one slotting

machine.

The gang was organized with one experienced welder, the rest of tlie personnel

being completely unaccustomed to any welding whatsoever. The welding foreman,

using a straight edge, outlined those areas at the joints to be welded, and niunbered

them. The two men with the pre-heaters (which had timers on them) with the four

lightweight push cars, placed the pre-heaters oxer the joints. Through trial and error

and experimentation, it had been determined that heating to 900 F was necessary,

and the pre-heaters were set to time out at this temperature. The heater was left on

the joint until the welder moved up, riding on the corner of a lightweight push car,

immediately to start welding the joint after first testing with a tempel stick to be

sure that the joint retained the necessary amount of heat. Following the welding,

after the joint had cooled sufficiently, a rail grinder and a slotter were used. This

work was performed by two men working alternately with the two grinders and
the slotter. Since the welding was arranged to be done when the rail was naturally

warm because of climatic conditions, no post-heating was done. This was accom-

plished by working on the northern part of the railroad in the summer and on the

southern part in the winter.

J
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The gang originally was set up to have the following men: one welding fore-

man, two pre-heater men, two welders, two grinders, and one slotter. After several

weeks of operation the gang was reformed and is now being operated with two

welders, two pre-heat men, two slotters (or two grinders), for a total of six men.

With these six men, for the month of March 1970, a total of 135 joints per day was

welded.

The welding foreman, or lead welder, who numbers and measures the joints

using a straight edge and taper gage to mark oft the area to be welded also doubles

as a welder on one of the welding machines. The work of numbering the joints, and

marking the area to be welded is done while the gang is necessarily off-track during

working hours, in the evenings when the gang shuts down to let the slotter and

grinders complete their work, and in the mornings when the gang is being made
ready to do its work.

For the welding, tliis railroad is using a strip weld approximately 1/2 inches

wide and this weld is put on in the center of the rail. This program was originally

set up to strip weld 90-lb rail laid in 1927 and 1928 which had become badly bat-

tered due to bad ties, lack of drainage and maintenance of bolts, bars, etc. With the

good results achieved on the 90-lb rail, however, 112-lb rail laid in 1945-46 is now
being strip welded. It was decided that joints with 0.010 inch or less batter would
not be welded, but the batter in all the 90-lb rail exceeded this amount, making it

necessary to weld each joint.

Fig. 1—Tamping up joints to good surface.
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fig- 2—Derrick sets equipment on track.

Fig. 3—Preheat unit heats joint to 900 F.
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Fig. 4—Welder works in sitting position.

Fig. 5—Welding machine ond wire feed on push cars.
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M. "V.
,'

Fig. 6—Finished weld before grinding.

F'9- 7—Grinding weld with surface grinder.
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Fig. 8—Weld after grinding.

Fig. 9—Using slotler to open the joint.
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Fig. 10—Finished joint.

IT."

-if -

Fig. 11—Joint after traffic.
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Report on Assignment 9

Standardization of rail sections

E. H. Waring (chairman, subcommittee), S. H. Barlow, A. N. Brauer, R. D. Cla-
BORN, M. W. Clark, O. E. Fort, C. E. R. Haight, V. E. Hall, T. B. Hutche-
soN, B. R. Meyers, C. E. Morgan, G. L. P. Plow, R. C. Postels, J. M. Rankin,
I. A. Reiner, D. H. Shoemaker.

During the past year Subcommittee 9 has secured from Canadian and United

States rail mills a summary of the tonnage rolled and tonnage shipped in each rail

section. A tabulation of that information is included herewith (see next page).

It is noted that 848,830 tons or 76.34% of the total rail rolled in 1969 was in

the sections to which it is recommended that purchases of new rail be limited, while

734,551 or 77.45% of the total rail shipped directly to North American member roads

was in recommended sections.

This report is submitted as information.
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Report of Committee 5—Track

V. M. SCHWING,
Chairman

L. A. Pelton,
Vice Chairman

B. E. Pearson,
Secretary

C. D. Archibald
T. L. BiGGAR
R. E. KusTON
£. C. HONATH
C. J. McCONAUGHY
C. L. Gatton
L. D. Freeman
A. B. HiLLMAN, Jr.

A. R. Anthony
W. E. BiLLINGSLEY
W. R. BjORKLUND
E. H. Blank

C.. B. BOGGS

J. O. Born
J. R. Bowman
S. W. Brunner
R. E. Bunker
M. E. Byrne
K. L. Clark
J. W. Clarke
J. P. Collins
W. E. Cornell (E)
E. D. COWLIN
W. J. Crone
R. V. Dangremond
W. B. DWINNEL
A. G. Ellefson
E. E. Fellin
G. E. Fischer
E. E. Frank
C. H. Gaut
S. W. George
B. T- Gordon
H. D. Hahn
L. R. Hall
V. C. Hankins
R. J. Hardenbergh
J. R. Harris
C. N. Harrub, Jr.

A. F. Huber (E)

J. H. Hughes
L. H. Jentoft (E)
D. L. Jerman
B. J. Johnson
R. J. Jones
R. A. Kelso
C. N. King
L. T. Klauder
G. G. Knupp

E. J. LisY, Jr.

L. Masforroll
J. R. Masters
P. R. Matthews
G. H. Maxwell
A. E. MOONEY
M. P. Moore
C. W. Morrison
T. C. Netherton
B. W. Nyland
W. B. O'Sullivan
C. A. Peebles
G. H. Perkins
George Perko
C. E. Peterson
E. F. Pittman
J. A. Pollard
S. H. POORE (E)
W. P. Pope
L. E. Porter
Bernard Post
L. L. Rekuch
R. P. RODEN
J. M. Salmon, Jr. (E)

J. A. Saunders
A. J. SCHAVET
R. N. Schmidt
R. D. Simpson
R. E. Tew
J. E. Thompson
R. W. Tipper
A. C. Trimble

J. J. Vereen, Jr.

K. H. VON Kampen
W. J. Wanamaker
J. F. Warrenfells, Jr.

I. V. Wiley
Committee

( E ) Member Emeritus.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your comniittee reports on the following subjects:

B. Revision of Manual.

No report.

2. Track tools.

Brief progress report, submitted as information page 403

3. Revision of Portfolio of Trackwork Plans and Specifications, collaborat-

ing as necessary or desirable with the AAR Mechanical Division and

Communications and Signal Section.

No report.

Note—Discussion on subcommittee reports herein closes on May 1, 1971.

401
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4. Track design, collaborating as necessary or desira])le witli Committees

1, 3 and 4.

(a) Bridge expansion joints—type, location and necessity.

( h ) Tie plates, inclnding pads under plates.

(1) Evaluate canted tie plate design relative to 1:20 cant vs. 1:40 cant vs.

1:14 cant.

(c) Hold-down fastenings:

( 1 ) Wood ties

(2) Concrete ties

( d ) Support of track, including tie dimensions and spacings.

Progress report, submitted as information page 403

5. Turnout and crossing design, collaborating as necessary or desirable

with Committee 1, 3 and 4.

(a) Proper use of various types of tiunout and crossing frogs related

to speed, tonnage, etc.

(b) Review guard rails opposite frogs related to speed, longer turn-

outs, longer cars, etc.

(c) Re-evaluate explosive hardening of frogs to determine procedures

and economics.

( d ) Evaluate prestressed concrete crossing support.

(e) Improvements to manganese insert frog design.

Progress report, submitted as information page 404

6. Track construction, collaborating as necessary or desirable with Com-
mittees 1, 3, 4 and 22.

( a ) Procedure and specifications for, and economies to be derived

from, building track by the Panel Method:

( 1 ) To remain as paneled after relocation.

(2) To have its joints restaggered after relocation.

(3) Specifications, plans and procedures for prefabricating turn-

outs in a central shop.

(4) Methods of moving prefabricated turnouts from a central

shop to point of use.

(5) Methods of handling a prefabricated turnout at point of

renewal or installation.

No report.

7. Track maintenance, collaborating as necessary or desirable with Com-
mittees 1, 3, 4, 22 and 31.

(a) Effect of lubrication in preventing frozen rail joints and retarding

corrosion of rail and fastenings.

(b) Modern methods of heat treating carbon steel trackwork and
repairing such trackwork by welding.

(c) Switch plate lubrication.

Progress report, including report on AAR investigation of switch plate

lubricating materials, submitted as information page 405
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Criteria for track geometry design as related to modern equipment,

collaborating as necessary or desirable with other AREA technical com-

mittees, and with the Engineering, Mechanical and Operating-Trans-

portation Divisions, AAR.

(a) Special requirements of track construction and maintenance due

to operation of equipment with high centers of gravity.

Progress report, presented as information page 414

Special Subject: Develop the minimum tangent distance between

reverse points of various degrees of curves to permit negotiation of

these curves by 89-ft 0-inch box cars having 68- ft 0-inch truck centers.

Progress report, presented as infonnation page 414

The Committee on Track,

V. M. ScHwiNG, Chairman.

AREA Bulletin 631, January-February 1971.

Report on Assignment 2

Track tools

T. L. BiGGAR (chairman, siihcommittee), W. E. Billingsley, G. B. Boggs, S. W.
Brunner, R. V. Dangremond, G. E. Fischer, L. D. Freeman, M. P. Moore,
C. W. Morrison, T. C. Netherton, L. A. Pelton, G. Perko, E. F. Pittman,
L. L. Rekuch, V. M. Schwing, R. W. Tipper.

This is a progress report submitted as information.

Specifications and a drawing covering a rail thermometer were published in

Part 1 of Bulletin 630, November-December 1970, with the recommendation that

they be adopted and published in Chapter 5 of the Manual.

Report on Assignment 4

Track design

E. C. HoNATH (chairman, subcommittee), A. R. Anthony, T. L. Biggar, E. H.
Blank, S. W. Brunner, M. E. Byrne, E. E. Fellin, L. R. Hall, R. J. Harden-
BEHGH, B. W. Nylano, L. A. Pelton, W. P. Pope, R. N. Schmidt, V. M.
Schwing, K. H. von Kampen, J. F. Warkeniells, Jr.

Your committee submits the following report as information.

During the past year your counnittce' has coudncd its activities to participation

in the work of the Special Comnnttee on Concrete Ties. During the course of this

work the committee developed certain information pertaining to its assignment on

"Support of Track, Inchiding Tie Dimensions and Spacing," and expects to prepare

a report on this subject in 1971, after completion of its function with the Special

Committee on Concrete Ties.
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Report on Assignment 5

Turnout and crossing design

J. McCoNAuGHY (charinian, suhcommittce), G. B. Boggs, W. G. Crone, A. G.
Ellefson, E. E. Fhank, V. C. Hankins, D. L. Jehman, R. J. Jones, C. N.
King, G. G. Knupp, R. E. Kuston, J. R. Masters, M. P. Moore, L. A. Pelton,
G. H. Perkins, G. JPerko, C. E. Peterson, L. E. Porter, A. J. Schavet, \^ M.
ScHwiNG, K. H. VON Kampen, J. F. Warrenfells, Jr.

Your committee submits the following report as information:

PROPER USE OF VARIOUS TYPES OF TURNOUT AND CROSSING FROGS

RELATED TO SPEED, TONNAGE, ETC.

This assignment is still under study. Difficult inquiries received from various

railroads prevent making a satisfactory recommendation at this time. Furthennore,

the Portfolio of Trackwork Plans does not have a plan for a manganese track crossing

covering angles from 45 to 90 degrees, nor does it have a track crossing plan cover-

ing reversible manganese inserts. It is the committee's desire to have such plans

prepared and adopted before submitting any recommendations under this assigmiient.

REVIEW GUARD RAILS OPPOSITE FROGS AS RELATED TO SPEED, LONGER TURNOUTS,

LONGER CARS, ETC.

A review was conducted and it was resohed that the taper approaches on the

guard rails. Plan No. 504-55, should be lengthened. This was approved by letter

ballot, and a revised plan, submitted for adoption and inclusion in the Portfolio of

Trackwork Plans, was published in Part 1 of Bulletin 630, November-December 1970.

RE-EVALUATE EXPLOSIVE HARDENING OF FROGS TO DETERMINE

PROCEDURES AND ECONOMICS

It was approved by letter ballot to reword the first paragraph of Art. 410,

Depth Hardening, in the Specifications for Special Trackwork, Appendix A, page 4,

of the Portfolio of Trackwork Plans, to make it include explosive hardening as one

of the methods that may be employed to depth harden the impact areas of frogs.

Accordingly, the revised version of that part of Art. 410 was published in Part 1

of Bulletin 630, November-December 1970, with the recommendation that it be

adopted and published in the Portfolio.

EVALUATE PRESTRESSED CONCRETE CROSSING SUPPORT

The AAR Research Center has completed its final report on tliis subject, which

will be forthcoming.

IMPROVEMENTS TO MANGANESE STEEL INSERT FROG DESIGN

This subject is still under study.
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Report on Assignment 7

Track maintenance

L. D. Freeman (chairman, sitbcoiniuittee), J. O. Born, E. D. Cowlin, G. E.

Fischer, C. H. Gaut, S. W. George, B. J. Gordon, C. N. Harrub, Jr., J. H.

Hughes, G. G. Knupp, L. Masforroll, G. H. Maxwell, C. W. Morrison,

T. C. Netherton, L. a. Pelton, V. M. Schwing, A. C. Trimble.

EFFECT OF LUBRICATION IN PREVENTING FROZEN RAIL JOINTS AND RETARDING

CORROSION OF RAIL AND FASTENINGS

No further progress has been made on this assignment, and it is felt that no

further knowledge is to be gained by continuing it. The report published in Bulletin

612, February 1968, is, therefore, considered to be the final report on this

assignment.

MODERN METHODS OF HEAT TREATING CARBON STEEL TRACKWORK

AND REPAIRING SUCH TRACKWORK BY WELDING

A questionnaire has been circulated to approximately 50 railroads for the pur-

pose of learning whetlier or not there is anything new to be learned on the subject

since the report which appeared in Bulletin 612, February 1968. After the replies

to the questionnaire have been evaluated, a further report will be made on this

assignment.

SWITCH PLATE LUBRICATION

Some further work on this assignment is being progressed by the AAR Research

and Test Department. The latest report of the AAR Research Center on this subject

is presented below as information. Activity on the assignment will be continued.

INVESTIGATION OF SWITCH PLATE LUBRICATING MATERIALS—PROGRESS REPORT

BY AAR RESEARCH CENTER

Through an initial request to the AREA by the AAR Communication and Signal

Section to develop information concerning the operation of switches, a further request

was made to the AAR Research Center by AREA Committee 5—Track, to initiate

an investigation relati\e to the merits of quick-drying switch plate lubricating

materials.

Since early 1963, 36 separate tests of dry-type lubricants, most of them having

a graphite base, have been conducted at the Research Center in a specially designed

switch plate slippage machine. This machine is actually a portion of a switch assem-

bly and is designed to evaluate the lubricating and endurance qualities of the

lubricant applied to the switch plates (Figs. 1 and 2).

Tests 1 through 17 were reported on in 1966 and the results published in AREA
Bulletin 605, February 1967. Five tests, Nos. 18 through 22, on newer products were

reported on in August 1968. Tests 23 through 36 lia\e been conducted since then,

and a summary of all tests conducted to date is included herein. The sununary of

the switch plate lubrication tests shows the lubricants tested and the qualities of

each, such as drying time, average force required to throw the switch rails and the

condition of the material after 15,000 cycles of switch point movement.
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Tests 1 throiijuh 20 were conducted on materials that were applied to the switch

plates of the switch plate slippage machine at the Research Center either by brush-

ing on or spraying on. Tests 21 and 22 were conducted with plates furnished by the

manufacturer with the lubricant already applied to the plates at the factory. Dixon

No. 53 Permanent (test 21) was applied to the slide surfaces of the switch plates by

the bru.sh or .spray method and the Dixon Plastic C.raphite Casting (test 22) was a

/H-in. -thick plate of the lubricant material affixed to a standard switch plate at the

factory by an adhesion method (Figs. 3 and 4).

The Union Carbide Stellite No. 6 weld material applied to new .switch plates

as ribs (test No. 23) was considerably harder than the switch points, causing wear

as indicated in the table. These plates were prepared and furnished by Linde Divi-

sion, Union Carbide (Figs. 5 and 6).

Tests 24 through 28 were on materials produced in Canada, and evaluations

on these were requested by the Canadian National Railways. The Susgra Methcol

B.S. 1407 remained tacky and could not be properly used on switch plates. The

Molub Alloy greases produced low force values after 15,000 cycles of operation,

but as greases they would not dry.

The Research Center has been interested for some time as to how Teflon would

perform as a lubricant, and one application now under test is its use as a liner on

the interior of brake cylinders for freight service. Teflon and a Teflon base material

have now been tested as switch plate lubricants, tests 29, 30 and 34. The Fluorocar-

bon Company furnished the Reinforced Teflon Slide Bearing Material known as

Fluorogold in strips for application to switch plates (Figs. 7 and 8). This material

is used widely as structural slide bearing plates. The testing on the switch plates

indicates a low force required for switch point throw and negligible wear after

15,000 cycles of switch point movement. The Teflon "S" applied to plates and

mounted in the test machine did not perform as well as the Fluorogold because

the Teflon scraped ofl readily as the switch points moved across the plates, with the

result that a higher force was recorded to move the switch point assembly.

Tests 31 through 33 were of materials furnished by Electrofilm, Inc., namely

Lubri Bond "A" and Lubri Bond "J", which are spray-on types of graphite material,

and L. P. X34908, which is a brush-on graphite base material. All are quick drying.

The Electrofilm Phos—66C and 77S, tests 35 and 36, are new experimental materials

and were applied to the steel plates by a high-heat baking process.
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Fig. 1—Switch plate lubrication test machine.

f^'g- 2—Switch driving mechanism, showng load cell and strain gage indicator.
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Fig. 3—Dixon plastic graphite casting.

Fig. 4—Dixon plastic gtaphitc casting
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Fig. 5—Union Carbide Stellite No. 6 welded ribs on standard plates.

Fig. 6—Union Carbide Stellite No. 6 welded ribs on standard plates.
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Fig. 7—Fluorocarbon (Teflon) plates mounted on switch plates.

Fig. 8 Detail of tack welded fluorocarbon plates and wear pattern of Teflon motcri.il

liiii. 6:u



414 Track

Report on Assignment 8

Criteria for track geometry design as related to

modern equipment

A. B. HiLLMAN (chairman, suhcoinmittee), W. R. Bjorklund, J. R. Bowman, R. E.
BuNKEK, W. B. DwiNNELL, B. J. JoHNsoN, R. A. Kelso, L. T. Klauder, W. B.

O'SuLLivAN, B. E. Pearson, L. A. Pelton, B. Post, L. L. Rekuch, V. M.
ScHAviNc;, R. E. Tew, J. E. Thompson, W. J. Wanamaker.

SPECIAL REQUIREMENTS OF TRACK CONSTRUCTION AND MAINTENANCE DUE TO

OPERATION OF EQUIPMENT WITH HIGH CENTERS OF GRAVITY

On page 620 of Bulletin 626 for February 1970 your committee reported that

subcommittee reports on this subject as presented in Bulletins 621 and 605 would be

presented to the Board Committee on Manual for review to see what might be pub-
lished in the Manual. The Board Committee on Manual did review the Bulletin 621

and 605 reports and has returned the assignment to the subcommittee with the

request that the subcommittee present their recommendations in a different form.

SPECIAL SUBJECT: DEVELOP THE MINIMUM TANGENT DISTANCE BETWEEN REVERSE

POINTS OF VARIOUS DEGREES OF CURVES TO PERMIT NEGOTIATION OF THESE

CURVES BY 890" BOX CARS HAVING 680" TRUCK CENTERS

Using information obtained from tests made at the AAR Research Center with

a track and car model system, your subcommittee proposes that the following rule

be adopted for design of industry tracks and tracks where high coupler force would
not be experienced:

"A length of tangent should be placed between the two portions of a

reverse curve to afford satisfactory movement of coupled cars of any com-
bination of lengths for curvatures of 8 degrees and over, unless spirals have
been provided. The following table gives minimum lengths of tangents which
should be provided:

Degree of Curvature Length of Tangent in Feet

Under 8 degrees

8
"

10
9

"
20

10 " 30
11 " 40
12 " 50
13 " 60
14 " 70
15 70 (end of quote)

The tangent distances shown in the tabic will permit negotiation of the cor-

responding reverse curves by long cars now in service without exceedings the maxi-
mum coupler angles permitted by the striker opening. The rule is of no use where
high coupler force (200,000 lb) would be experienced because wheel lift would
impend at a smaller coupler angle than would be obtained in negotiating an 8-degree
curve. (See AAR Research Center report on Tracking Characteristics of Long Cars
on Crossovers, April 14, 1969)

The above rule will be put before the full committee to determine if it should
be presented for adoption as Manual material.



Report of Committee 31—Continuous Welded Rail

B. J. Johnson,
Chairman

B. J. Gordon,
Vice Chairman

E. M. CUMMINGS,
Secretary

J. D. Case
E. ESKENGHEN

J. T. HiNER
R. E. GoRsucH
H. F. LONGHELT
K. H. Kannowski
C. E. Akidakis
R. M. Ansel

S. H. Barlow
W. P. Beesley
C. M. Bowman
R. M. Brown
M. E. Byrne
J. E. Campbell
L. S. Crane
A. R. DeRosa
R. E. Dove
B. R. Forcier
O. E. Fort (E)
R. E. Frame
L. D. Freeman
G. R. Fuller
A. H. Galbraith
R. G. Garland
W. J. Gilbert
C. W. Grater
G. J. Harlock
J. W. Harper
C. R. Harrell
R. R. Hart
L. R. Henderson
R. S. Henry
M. C. Holowaty
F. E. Hxjddleston
r. a. hunziker
t. b. hutcheson
W. D. Hutchison
W. J. Jones
G. G. Knupp
W. S. Lovelace
K. J. LUDWIG

|. F. Lvle
j. A. MacNab
L. H. Martin
G. H. Maxwell
C. E. McEntee
A. S. McRae
C. R. Mehriman
M. MiCHAUD
R. H. Miller
C. E. Morgan (E)

J. P. Morrissey
"S. H. POORE (E)
B. R. Prus.\k

F. L. Rees
M. S. Reid
W. E. Roberts'
R. P. Roden
R. Rotter
E. C. Rudolph
J. R. Rymer
C. N. Scott
T. C. Shedd
I. M. Simmons
C. R. Sthutz
V. R. Terrill
G. R. Thurston
R. H. Uhrich
H. J. Vale
C. W. Wagner
M. S. Wakely
E. H. Waring
C. E. Weller

Comviittee

( E ) Member Emeritus.
" Deceased.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Fabrication.

Statistics on butt weld failures, presented as infonnation page 417

2. Laying.

Statistics showing track miles of CWR laid by years since 1933,

presented as infonnation page 418

3. Fastenings.

No report.

4. Maintenance.

Subcommittee 4 is preparing a report on the subject of Repairs to Weld

Failures in the Field. A report on this assignment will be presented

next year.

415
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5. Layout of fixed and portable weldinj^ plants,

A report on this assignment will be presented next year.

7. Field welding.

Material on Thermite Welding—Rail Joints, recommended as Manual
material, was published in Part 1 of Bulletin 630, November-December
1970.

The Committee on Continuous Welueu Rail,

B. J. Johnson, Chairman.

AREA Bulletin 631, January-February 1971.

aMiUiam Cbtoarb laobcrtsi. 3ft.

1922=1970

William Edward Roberts, Jr., supervisor rail and welding, Chicago, Rock Island

& Pacific Railroad, Chicago, passed away on July 9, 1970, at the age of 47. Born

and raised in Weston, Mo., he attended Weston Public Schools and continued his

education at the University of Missouri, Wni. Jewell College, and Nebraska State

College. He enlisted in the United States Navy on February 30, 1946, and entered

acti\'e duty on August 22, 1950, shortly thereafter going to Korea. Mr. Roberts was
decorated with the Korean Service Medal and the United Nations Medal, returning

to civilian life on January 27, 1952.

Mr. Roberts joined the Rock Island in January 1953 as an electrical technician,

became welding supei-visor on October 5, 1960, and was promoted to engineer of

track on January 1, 1966. He was promoted to supervisor rail and welding on

December 1, 1968.

Mr. Roberts became a member of the AREA in 1961 and a member of Com-
mittee 31 in 1965. During this period, he gave of his time and energy and in 1967

was duh- appointed chainnan of Subcommittee 6, presiding in this position through

1969. Committee 31 joins in mourning tlie loss of our fellow committeeman and will

sorely miss the many valuable services performed by him during his membership.

Sur\i\ing Mr. Roberts are his wife, Marjorie (nee Gleason) of Tampa, Fla., his

mother, Mrs. Mary Jane Collins Roberts of Weston; tliree sisters, Mrs. Lenora Bailey

of Kansas City, Kan., Mrs. Elizabeth Suttles of Overland Park, Kan., Mrs. Ceraldine

Skinner of Camden Point, Mo.; and a brother, Mitchell Roberts of Weston. Place of

interment is Pleasant Ridge Cemetery, Weston.

A \'oid now exists with this man's passing and only a fond memory remains.

He was a man of courage, character and humility, all of which made him a man
to be lo\ed and respected by those who knew and will long remember him.
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Report on Assignment 1

Fabrication

J. D. Case (chairman, subcommittee), S. H. Barlow, A. R. DeRosa, G. R. Fuller,
A. H. Galbhaith, B. J. fiORDON, G. W. Grater, B. J. Johnson, A. S. McRae,
M. MiCHAUD, R. H. NIiller, G. W. Wagner.

BUTT WELD FAILURES

In 1962, it was decided that it would be desirable to have a record of failures

in the different types of butt welds. Table 1 shows the accumulated failures to

December 31, 1969, as reported on Form 402E. This record is part of a compilation

of data on rail failures of all types reported to December 31, 1969, by railroads that

are responsible for approximately 90% of the main track mileage of Glass I Roads.

The reports are furnished on a voluntary basis by railroads. Howexer, given the fact

that most failures are reported by a small number of railroads, it is exident that there

is little unifomiity in reporting failure data. Therefore, it is not feasible to draw

definitive conclusions, except on the assumption that each railroad has been con-

sistent in its reporting practice. In that case, trends can be examined. However,

absolute comparisons and total failure rates cannot be derived from the data.

This report is a technical ser\'ice of the Research and Test Department of the

Association of American Railroads in response to a continuing request for this

information.

table 1

ACCLTHULATED butt weld FAlLlTtES TO DECEMBER 31, 1969
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Report on Assignment 2

Laying

E. EsKENGREN (chairman, subcommittee), R. M. Brown, M. E. Byrne, J. E. Camp-
bell, R. E. Dove, B. J. Gordon, J. W. Harper, L. R. Henderson, W. D.
Hutchison, B. J- Johnson, F. L. Rees, M. S. Wakely, E. H. Waring.

Your committee submits as information the following statistics showing the

number of track miles of CWR laid, by years, since 1933.

Track Miles of Continuous Welded Rail Laid by Years, 1933-1970

1933 . Ifi

1934 0.95
1935 4.06
1936 1..52

1937 31.23
1939 6.04
1942 5.48
1943 6.29
1944 12.88
1945 4.81
1946 3.91
1947 18.70
1948 29.93
1949 33.05
1950 50 . 25
1951 37.25
1952 40.00
1953 80.00
1954 87.00



EVELLING, LINING, TAMPING...

I ONE OPERATION, with ONE OPERATOR

.£LECTRONIC
REFERENCE

. FEELER
detects position
of track in spiral
or curve at every
tie and feeds
Intormation to

"AutO'Control"

WORKING
SHADOW BOARD
controls lining at

point where
lining, levelling

and tamping^
la done.

RECEIVER
BUGGY
"Auto-Control"
continuously
positions
receivers
electronically to

satialy ideal curve
requirements and
establishes
required amount
0/ track
correction.

The Autojack Electromatic

with Autoliner leads the way

through these advantages:

• Gives the highest possible degree of accuracy by electronic

beams projected 100 feet in advance of where levelling,

lining and tamping are taking place.

• Automatic, continuous operation for both tangent and
curve track.*

• No plotting of spirals or curves required. Machine computes
as it runs for the best transition.

• No disturbing or humping of track— lining takes place

simultaneously with lifting and tamping ahead of tamping
tools.

• With the Autoliner, it is possible to make a minute throw
and have it stay there because tamping is done in correct

alignment.

"Model ALT for Tangent track and Model ALC (or Tangent
and Curve Track, both available as attachments for

existing AUTOJACK ELECTROMATICS.

i Head Office & Plant— 240i Ed-
; mund Rd., West Columbia, S. C.

; 29169 • 803/794-9160

Plant— 160 St. Joseph Blvd.,

Lachlne (IVlontreal), Que., Canada
• 514/637-5531

Paris Depot— 1902 University

Ave., St. Paul, Minn. 55115 •

612/645-5055
: Sales, Service & Parts— Tamper

(Australia) Pty. Ltd., 34 Mcin-
tosh St., Airport West, G.P.O.
Melbourne, Victoria 3042, Aus-

i tralia • 379-8441



418-2 Advertisement

^ WOODINGS-VERONATOOLWORKS
Pioneer Manufacturers

ol

HIGH GRADE TRACK TOOLS
and

SPRING WASHERS FOR TRACK
Since 1873

VERONA, PA. CHICAGO, ILL.

WOODINGS FORGE & TOOL COMPANY
Makers

of

WOODINGS RAIL ANCHORS

VERONA, PA. CHICAGO, ILL

Assure lower maintenance costs, better performance with

Texaco

Railroad Lubricants

and Systematic
Engineering

Service

New York • Atlanta • Chicago • Minneapolis • St. Louis • San Francisco



LAYING WELDED RAIL

MODEL 441

Developed and Built

for Railroad Maintenance

180° BOOM SWING

dOiS ALL JOBSi

72 fASl CHANGE ATTACHMENTS
Forks

1U Cu. Yd. Bucket

Tote Hook
18' Boom Extension

Fork Tie Baler

Track Cleaning Bucket

Optional AttochmenI

Flanged Wheels, Hydraulicolly Co'ilrolled

Back Hoe
Clamshell

Bock Filler Blade

Pull Drag Bucket

4 Cu. Yd. Snow Bucktt

Pile Hommer

PETTIBONE MULLIKEN CORPORATIOI
RAILROAD

mM"
DIVISION

141 W. JACKSON \7.^^ CHICAGO *, III

80 Years of Service

to the Railroad Indusfry
WIDE TRACK CLEANING BUCKET



Advertisement

KEEPING TRACK
IS OUR BUSINESS!



Report of Committee 6—Buildings

D. A. Bessey, Chairman

C. R. Madeley,
Vice Chairman

O. C. Denz, Secretary

W. C. Sturm
G. J. Chamraz
J. A. Penner
A. R. GUALTIERI
T. H. Seep

J. H. Adams, Jr.

W. F. Armstrong
F. R. Bartlett
C. I. Bleul
E. P. BOHN
W. L. Burgess
R. R. Cahal
A. C. Cayou
A. W. Charvat"
F. D. Day
C. M. Diehl
I. G. Forbes

J. D. Giallombardo
C. S. Graves
R. Hale
W. G. Harding (E)

J. W. Hayes
H. R. Helker
D. K. Hennessy

S. B. Holt
K. E. Hornung
W. G. Humphreys
G. R. Hunt
J. R. HURSH
D. F. Logan
R. J. Martens
W. K. McFarling
G. H. McMillan
L. S. Newman
L. J. Nichols
L. A. Palagi
P. W. Peterson
R. D. POWRIE

J. G. Robertson
J. B. SCHAUB (E)
H. A. Shannon, Jr.

J. S. Smith
R. C. Smith
S. G. Urban
O. G. Wilbur (E)
T. S. Williams (E)
C. B. Zimmerman

Committee

" Died June 21, 1970.
( E ) Member Emeritus.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretar>% are the subcomniittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

New material on design criteria for railway office buildings, recom-

mended for adoption and publication in the Manual, was published in

Part 1 of Bulletin 630, Xon ember-December 1970.

1. Building, platfoniis, ramps, p:i\iug, lighting and other facilities for

piggyback terminals.

No report.

2. Computer uses for railway building design, collaborating as necessary

or desirable w ith Gounnittee 32.

No report.

3. Design criteria for diesel service and repair shop.s.

No report.

4. Design criteria for spot car repair facilities.

No report.

The CoMMirTEE on Buiiding-s,

D A. Rkssiv Chaiiman.

AREA Bulletin 631. January-February 1971.

419
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laintfjonj) m. Cfjarbat

1908=1970

Anthony W. Cliai\at, a member of AREA and Committee 6 since 1962, and

a subcommittee chairman in 1967, died on June 21, 1970. At the time of his death

he was engineer of buildings for the Chicago, Rock Island & Pacific Railroad. Sur-

vivors include his widow, Eleanor; and two sons, Anthony and John.

A native of Chicago, Mr. Charvat was born on November 13, 1908. He
attended Chicago public schools and was a graduate of Armour Institute of Tech-

nology. He was registered in the State of Illinois as an architect and as a professional

engineer.

Mr. Charvat began his engineering career with the City of Chicago. He began

his railroad career on March 30, 1943, with the Rock Island in Chicago, as an

inspector draftsman in the building department. He progressed through the depart-

ment, holding titles of draftsman, system building inspector, assistant engineer of

buildings, engineer-architect, and engineer of buildings.

"Tony", as he was known by his many friends, was respected for his integrity

and high standards of engineering performance. One of Tony's prime interests was
training and coaching young architectural and engineering graduates who worked
under his direction. To them he imparted his own desire for excellence.

Tony Charvat was a devoted family man, and a good and loyal friend.

W. C. Humphreys
L. A. Palagi

Memorialists



Report of Committee 7—Timber Structures*

W. A. Thompson,
Chairman

J. J. RiDGEWAY,
Vj'ce Chairman

J. W. Chambers,
Secretary

J. BUDZILENI
R. E. Anderson
W. S. Stokley
G. N. Sells

J. A. GUSTAFSON
L. R. KUBACKI
C. V. Lund
D. L. Walker
F. E. Schneider
W. L. Anderson
B. Bohannon
N. D. Bryant
T. P. Burgess
F. H. Cramer (E;
B. E. Daniels
K. L. DeBlois (E;
D. J. Engle
G. Gabel, Jr.

S. L. Goldberg
E. S. Gordon
D. C. Gould
S. F. Grear (E)
R. W. Gunther
J. A. Hawley

J. F. HOLMHERG
J. E. Hutto
J. H. HuzY
B. J. King
D. I. Kjellman
R. E. KUEHNER
M. J. Marhjw
T. K. May
J. W. N. Mays
D. II. McKlBBEN
C. H. Newlin
W. A. Oliver

J. A. Peterson
N. I. PiNSON
M. J. Rhude
D. V. Sartore
J. G. Shope
N. E. Smith
H. R. Stokes
J. W. Storer
I. W. Thomas
N. E. Whitney
S. J. Zajchowski

Committee

( E ) Member Emeritus.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the American Railway Eii^.incciin^ Association:

Your coniinittee reports on the followinjf subjects:

B. Revision of Manual.

It was anticipated that work on con\erting Chapter 7 to the decimal

system format would be completed by now. However, it developed

into a larger job than originally contemplated, and we now propose

to have this work completed by September 1971.

2. Grading rules and classification of limber for railway uses; .specifica-

tions for structural timber, collaborating with otiier organizations

interested.

\ew industry grading rules were scheduled for publication in the Fall

of 1970. Subcouunittee 2 will evaluate these new industry standards

prior to revising otu- grading rules.

3. Specifications for design of wood bridges and trestles.

Subcommittee 3 is currently studying effects of longitudinal forces on

timber structures and re-evaluating design criterion u.sed by Com-

mittee 7 as opposed to designing for E 80 loadnii'

" Attention is directed to the fact that Committee 7's njinie ii i

Bridijes and Trestles" to "Timber Structures." The chance was made
of the committee and was approved by the Board of Direction on Nc

appioval

421
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4. Methods of fircproofiiiy wood hiid^es and trestles, ineliiding fire

retardant paints.

Nothing significant has been dewloped in the study to date; liow-

ever, your committee continues to search for new products which

nnght offer possibilities.

5. Design of structural glued-laminated wood bridges and trestles.

Work by this committee is held up pending results of tests being

made by the AAR Research Center on full-size glued laminated

stringers.

6. Evaluation of cost of \ arious sizes of bridge timbers.

Evaluation of data collected from many railroads and siipjiliers is now
under way.

7. Repeated loading of timber structures.

Progress report, presented as information page 422

9. Study of in-place preserxatixe treatment of timber trestles.

Nothing significant has happened since the publication in 1969 of

AAR Engineering Report 86. Additional tests are scheduled for the

future to develop the retentive characteristics of penta solution in

timber.

10. Non-destructive testing of wood.

The subcommittee is continuing to search for new^ procedures to test

for internal defects.

The Committee on Timber Structures,

W. A. Thompson, Chairman.

AREA Bulletin 631, Jaiiuary-Febniary 1971.

Report on Assignment 7

Repeated loading of timber structures

C. V. Lund (chairman, subcommittee), W. L. Anderson, R. E. Anderson, Billy
BoHANNAN, N. D. Bryant, James Budzileni, D. J. Engle, J. F. Holmberg,
L. R. KuBACKi, T. K. May, W. A. Oliver, J. E. Peterson, M. J. Rhude, F. E.
Schneider, N. E. Smith, W. S. Stokely, I. W. Thomas, N. E. Whitney,
S. J- Zajchowski.

Your conunittee submits as information the following status report with respect

to the series of tests on timber stringers currently in progress at the AAR Research

Center.

The present series consists of 24 southern pine glued laminated stringers 7 in.

X 16/4 in. in dimension, 14 ft long. This series was designed to develop in particular

the effects of slopes of grain and of preservative treatment on the repeated-load

strength. Twelve of the test stringers are untreated, six of which were fabricated

with interior laminations having 1 in 16 slope of grain and the other six with interior

laminations having 1 in 10 slope of grain. The remaining twelve stringers are treated,
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six with an 8-lb standard treatment and six with a 16-lb treatment. The hnnber from

which all stringers were fabricated conformed to the grading rules of Par. 253,

Southern Pine Inspection Bureau.

As in previous tests of both glued laminated and solid sawn stringers, the string-

ers are tested in repeated loading to develop the strength at two-million cycles. In

addition one stringer of each group of six is tested statically. Whereas in prior tests

the hvo test loads were so located as to develop in particular the horizontal shear

strength, the loads in this series were applied equidistant from the center line of the

stringers.

The beams were fabricated by the Forest Products Division of Koppers Com-
pany at its plant in Peshtigo, Wis., and after treatment were delixered to the AAR
Research Center early in 1968. Becavise of lack of staff, and administratixe problems

confronting the Research Center at tliat time, the test beams were stockpiled outside

the test laboratory, and it was not until September 1968 that the test program got

under way. After a few untreated beams had been tested, the results suggested the

strength may ha\e been impaired by possible decay from their standing unprotected

in water intermittently outside the laboratory, resulting in investigations which further

delayed progress for se\'eral months.

Upon completion of the tests, it is expected the AAR research stall will analyze

the results, to be published in a research report, and your committee will prepare

a synopsis of the report for presentation to the Association.





Report of Committee 8—Concrete Structures and Foundation

F. A. Kempe, Chairman
T. L. Fuller,

Vice Chairman
R. J. Brueske
R. E. Pearson
G. W. Cooke
J. R. Williams
J. M. Williams
W. F. Baker
E. R. Blewitt
W. E. Brakensiek
H. C. Brown

L. Cheifetz
\V. B. Cole
M. J. Crespo
C. F. Dalquist
M. T. Davisson
J. W. DeValle
B. M. DOHNBLATT
R. A. DORSCH
D. H. DowE (E)
F. C. Edmonds
T. A. Erskine
G. W. Gabert
W. L. Gamble
R. J. Hallawell
W. A. Hamilton, Jr.

C. W. Harman
G. P. Hayes, Jr."
P. Haven II

W. P. Hendrix
H. W. Hopkins
A. K. Howe
W. R. Hyma
J. R. IWINSKI
T. R. Kealey
R. E. Kuban
L. Lange, Jr.

H. B. Lewis
G. F. Leyh
E. F. Manley
E. C. Mardorf

L. M. Morris (E)
D. NovicK
J. E. Peterson
\I. PiKARSKY
H. D. Reilly
E. D. Ripple
E. E. Runde
F. A. Russ, Jr.

J. H. Sawyer, Jr.

M. P. SCHINDLER
H. H. Schmidt"*
E. SCROGGIE

J. E. SCROGGS

J. R. Shafer
R. K. Shortt
L. F. Spaine
C. H. Splitstone (E)
R. G. Stilling
S. A. Stutes
A. Tedesko
W. C. Teng
M. F. TiGRAK
G. R. Vanderpool
F. H. Vines
E. Watson, Jr.

J. W. Weber
W. R. Wilson (E)

J. O. Whitlock
G. A. Wolf

Committee

" Died September 27, 1970.
o" Died June 7. 1970.
( E ) Member Emeritus.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chairmen.

To the Atuc'iican Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Manual recommendations submitted for adoption were published in

Part 1 of Bulletin 630, November-December 1970.

1. Design of masonry structures, collaborating as necessary or desirable

with Committees 1, 5, 6, 7, 15, 28 and 30.

Brief progress report submitted as information • page 427

2. Fotmdations and earth pressures, collaborating as necessary or devirnble

with Committees 1, 6, 7, 15, and 30.

Brief progress report submitted as information • paRP 427

3. Prestres.sed concrete for railway structures, collaboratintr ris nrcr";snr>'

or desirable with Committee 6.

Brief progress report submitted as informal ion page iK

425
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4. Waterproofing for railway stnitturt-s, collaborating as necessary or

desirable with Committees 6, 7 and 15.

No report.

The Committee on Concrete Sthuctukes anu Foundations.

F. A. Kempe, Chairman.

AREA Bulletin 631. January-February 1971.

Albert J^orman Hairb
1892=1969

Albert Norman Laird, engaged in pri\nte engineering practice after his retire-

ment in 1957 as chief engineer of the Grand Trunk Western Railroad, died on

November 20, 1969, at the age of 77. Survivors include his widow, Gladys; three

daughters, Mrs. Ellen Brasko, Mrs. Virginia Hor\ath, and Mrs. Frances \\arner; one

son, James Norman Laird; eleven grandchildren and three great grandchildren.

Mr. Laird was bom in St. Marys, Ont., Can., on March 6, 1892, and became

a natmalized citizen of the United States on April 24, 1918. He received his higher

education at the Universities of Illinois and Michigan, obtaining the degrees of

Bachelor of Civil Engineering at the former in 1914 and Master of Science in Ci\il

Engineering at the latter in 1916.

As a young man, Mr. Laird gained meaningful experience working as a chain-

man for a construction engineering firm in Detroit, Mich., as a teaching assistant

of surveying for the University of Michigan, and as a draftsman for the Detroit Belle

Isle Bridge Commission.

Upon graduating, Mr. Laird secured a position with Toledo University (Ohio)

as an instructor in civil engineering. The following year he advanced to assistant

professor and shortly thereafter became superintendent of buildings in charge of

construction for Toledo University.

Mr. Laird joined the Grand Trunk Western Railroad in 1919 and served as

chief draftsman for bridges, buildings and new projects, assistant engineer in the

chief engineer's office, and was bridge engineer prior to his appointment as chief

engineer in 1947.

Mr. Laird was a member of tlie American Railway Engineering Association

since 1923, sened as director of the Association in 1951-1953, and was accorded

a Life Membership upon his retirement in 1957. He ser\'ed on AREA Committee
8—Masonry (now Concrete Structures and Foundations), from 1924 until the time

of his death, having been elected Member Emeritus in 1959. He was \ ice chairman

of Committee 8, 1938-1942, and chairman. 1942-1946. He also .serxed (m Com-
mittee 30—Impact and Bridge Stresses, 1936-1955, and Committee 28—Clearances,

1942-1946.

A. Norman Laird, a truly dedicated and resourceful educator and engineer, will

forever be remembered by his family, friends, former students, and professional

associates.

Milton Pikarsky,

Memorialist.
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Report on Assignment 1

Design of masonry structures

R. E. Pearson (cliaiiiuun, subcoiuniittec), W. E. Brakexsiek, L. Cheiktez, M. |.

Crespo, R. a. Dorsch, J. A. Erskine, W. L. Gamble, C. W. Harman, G. P.

Hayes, Jr., R. E. Kuban, H. B. Lewis, G. F. Leyh, F. A. Russ, Jr., J. H.
Sawyer, Jr., E. Scroggie, A. Tedesko, F. H. \'ines, J. W. Weber, G. A. Wole.

Your committee prepared a number of revisions to the Manual which were

published separately in Part 1 of Bulletin 630, November-December 1970.

Your committee is also preparing specifications for lightweight concrete aggre-

gates and studying proposed revisions to the concrete tunnel lining drawing currently

in the Manual.

Report on Assignment 2

Foundations and earth pressures

C. W. Cooke (chairman, subcommittee), W. B. Cole, G. F. Dalquist, M. T. Da\is-
soN, B. M. DoRNBLATT, D. H. DowE, R. J. Hallawell, p. Haven H, T. R.

Kealey, E. F. Manley, E. C. Mardorf, D. Novick, M. P. Schindler, S. \.

Stlites, W. C. Teng.

Your subcommittee is at present involved in the development of a specification

go\eniing the design and construction of foundation columns (drilled caissons). This

work is imder preparation and we hope to present the completed specifications within

the next >ear.

Having completed two major specifications last year (Tied Sheet Pile Bulkheads,

and Embedment of Poles) we are at present concerned with updating our present

material in the Manual. Your committee reports progress on these assignments.

Report on Assignment 3

Prestressed concrete for railway structures

J. R. Willl^ms (chairman, subcommittee), W. F. B.\ker, J. VV. Ue\ ai i.v;, r. C.

Edmonds, T. L. Fuller, W. A. Hamilton, W. R. Hyma, G. W. Gaim :ut, C. W.
H.A.RM.\N, G. F. Leyh, J. E. Peterson, E. D. Ripple, J. E. Scnot;GS, R. K.

Shortt, L. F. Spaine, M. F. Tigrak, G. R. Vanderpool, J. O. Whitlooc, W. R.

Wilson.

Your committee lias currently completed the design of a prestres«Pf1 ronrrftc

bridge tie. Ten test specimens of the tie and one special tie for test' ig

pull out forces were fabricated by the Vulcan Materials Company and (!: ''»•

Committee. The ties are at the AAR Research Center and will be tested tliere both

staticalK- and under repeated load.





Report of Committee 15—Steel Structures

M. L. KOEHLER,
Chairman

L. F. Currier,
Vice Chairman

J. M. Hayes, Secretary

D. V. Messman
W. C. Howe
J. G. Clark
R. I. SiMKINS
H. T. Alexander
H. A. Balke
D. S. Bechly

L. S. Beedle
A. B. Belfield

J. Berger
E. S. Birkenwald ( E

)

H. F. BOBER
E. Bond
T. J. Boyle
J. C. Bridgefarmer
H. L. Chamberlain
J. S. Cooper
A. G. CUDWORTH
H. B. CUNDIFF
E. J. Daily
A. C. Danks
J. W. Davidson
R. P. Davis (E)
H. E. Dearing
W. E. Dowling
F. P. Drew
J. L. Durkee
N. E. Ekrem
J. J. Fl^la
G. F. Fox
E. F. Garland
G. K. GiLLAN
J. W. Hartmann
R. A. Hartselle
A. Redefine
G. E. Henry
C. A. Hughes
E. A. Johnson
E. W. KlECKERS

T. Lassen
K. H. Lenzen
Snu-TiEN Li
T. J. Mearsheimeh

J. MichALOS
G. E. Morris, Jr.

W.H. MUNSE
D. L. Nord
R. D. NORDSTORM
A. L. PlEPMElER

J. H. Powers
D. D. Rosen
G. W. Salmon
W. W. Sanders, Jr.

M. SCHIFALACQUA
A. E. Schmidt
F. D. Sears
G. R. Shay
H. SOLARTE
A. P. SOUSA
R. D. Spellman
J. E. Stallmeyer
Z. L. SZELISKI

J. D. Tapp
W. M. Thatcher
R. N. Wagnon
C. R. Wahlen
R. IL Wengenroth
W. Wilbur
A. J. Wood
M. O. Woxland

Committee

( E ) Member Emeritus.
,

Those whose names are shown in boldface, in addition to the chairman, vice chairman and
secretar\-, are the subcommittee chaimien.

To the American Railway Eu^ineeiiun Association:

Your committt'f reports on tlic follow iiiu subjects:

B. Revision of Manual.

Revision of specifications submitted for adoption were publislied in

Part 1 of Bulletin 630, Xo\ember-Deceiuber 1970.

3. Protection of steel surfaces.

Field tests are being continued to cxaluate .several protective systems

other than paint. .\n inspection of tlic test applications is to be made

in 1972.

7. Bibliography and technical explanation of various requirements in

AREA Specifications relating to iron and .steel structures.

Sections 9.3 and 9.5 of Part 9, Chapter 15 of the Manual, submitted

for adoption, were published in Part 1 of Bulletin 630, Novemljer-

December 1970.

429
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JO. Continuous wilck-cl rail on bridges, collaborating as necessary or desir-

able with Committee 31.

Your committee is reviewing installation practices of xarious railroads

and will continue actively to progress this assignment.

The Committee on Steel Structures,

M. L. KoEHLER, Chairman.

AREA Bulli-tiii 631, January-February 1971.



Report of Committee 30—Impact and Bridge Stresses

p. L. Montgomery,
Chairman

M. NOYSZEWSKI,
Vice Chairman

M. E, Weller
E. D. Ripple
L. R. KUBACKI
E. R. Andrlik
J. A. Ebskine
D. S. Bechly
E. S. BiRKENWALD (E)
L. N. BiGELOw
A. J. S. Carr
G. F. Dalquist

J. W. Davidson
b. H. DeSplinter
C. E. Ekberg, Jr.

N. E. Ekrem
D. J. Engle
R. J. Fisher

J. F. Hoss, Jr.

K. H. Lenzen
A. D. M. Lewis
G. F. Leyh
C. V. Lund
D. F. Lyons

H. L. Machicao
J. F. Marsh
J. Michalos
W. H. MUNSE
D. W. MUSSER
C. H. Newlin
A. L. PlEPMEIER
M. J. Plumb
C. R. Sanders
W. W. Sanders
M. B. Scott
R. L. Shipley
C. B. Smith
H. Solarte

J. D. Tapp, Jr.

M. Velebit
P. F. Viehweg
W. H. Walker
C. T. Webster
J. R. Williams
E. N. Wilson
D. R. Wright

Committee

( E ) Member Emeritus.
Those whose names are shown in boldface, in addition to the chainnan and vice chairman,

are the subcommittee chairmen.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

L Steel, collaborating with Committee 15.

Progress report, presented as information page 432

2. Concrete, collaborating with Committee 8.

No progress to report, as funds were not allocated and research per-

sonnel was not available at the AAR Research Center.

3. Timber, collaborating with Committee 7.

No progress to report as funds were not allocated and research per-

sonnel was not available at the AAR Research Center.

4. Electronic computers, collaborating with Committees 15, 16 and 32.

Progress report, presented as information page 432

5. Study leading toward the establishment of a consistent design loading

for all structures supporting railway loading, collaborating wi'li Cmu-

mittees 1, 7, 8 and 15.

Progress report, presented as infonnation page 433

The Committee on Impact and Bridge Stresses,

P. L. Montgomery, Chairman.

AREA Bulletin 631. Januiir\ -February 1971.
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432 Impact and Bridge Stresses

Report on Assignment 1

Steel

Collaborating with Committee 15

M. E. Weller (chairman, suhconimitfcc), L. N. Bic;elom% E. S. Bihkenwald, C. E.

Ekberg, Jr., N. E. Ekrem, L. R. Kuhac:ki, K. H. Lenzen, II. L. Machicao,

J. F. Marsh, James Michalos, W. H. Munse, A. L. Piepmeier, M. J. Plumb,

E. D. Ripple, C. R. Sanders, W. W. Sanders, Ir., M. B. Scott, R. L. Shipley,

C. B. Smith, Hernan Solarte, J. D. Tapp, Jr., M. Velebit, P. F. ViEmvEG,

C. T. Webster.

A report, with conclusions, summarizing the field inxestigation of four through

truss spans—two spans on the Southern Pacific Transportation Company, one span

on the former Great Northern Railway (now part of Burlington Northern Inc.) and

one span on the former Chicago, Burlington & Quincy Railroad (also now part of

Burlington Northern Inc.) was approved for publication during 1970.

Additional testing is needed. From the information on hand, future testing

should provide more data on ( 1 ) magnitude of stresses at stringer connections due

to direct tension, tension from negative moment and shear stress, (2) effect of

stringer span lengths on impact, and (3) magnitude of impacts in various length

trusses.

Report on Assignment 4

Electronic Computers

Collaborating with Committees 15, 16 and 32

E. R. Andrlik (chairman, subcommittee), A. J. S. Carr, J. W. Davidson, D. J.

Engle, J. A. Erskine, R. J. Fisher, J. F. Hoss, Jr., A. D. M. Lewis, D. F.

Lyons, J. F. Marsh, C. H. Newlin, M. Noyszewski, M. Velebit, W. H.

Walker, M. E. Weller, E. N. Wilson, D. R. Wright.

A program for the analysis and rating of railway bridge floor systems was pre-

pared this year. The program was written in FORTRAN by Dr. E. N. Wilson, a

member of Committee 30, with funds provided by the AAR.

Ratings provided by the new program are in accordance with the 1969 AREA
specifications. Any combination of five types of floor systems, seven diff^erent cross

sections of members, and eight classes of steel may be selected. A maxinnmi of ten

points along the member can be either analyzed or rated.

The normal imput includes member span lengths and section properties, uni-

form dead load, spacing, track location and weight, and any other dead loads. The

engineer must also imput the live loads, impact, and wind force. Output includes

a listing of member sections entered and a listing of dead load shears and moments.

The output for both rating and analysis gi\'es computed live load values, with and

without impact, as well as values for E 80 loading.

A revised set of "Moment and Shear Tables for Heavy Duty Cars on Bridges"

has been published and is available from the AAR Research Center at nominal cost.

The publication has 205 moment and shear tables covering ratings for 190 cars and

15 locomotives. This compilation of tables comprises all information contained in
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the original 1960 publication plus many additional tables developed since that time.

The numbering of the tables is unique in that a scheme has been followed in which

the page number indicates the number of axles, gross weight and coupled length of

equipment.

The moment and shear tables were computed from the first program written for

the committee b>' Dr. Wilson. Since that time, Program No. 2—Analysis of Railway

Truss Bridges, Program No. 3—Analysis of Pratt, Howe and Warren Type Railway

Truss Bridges, Program No. 4—Rating of Railway Truss Bridges, Program No. 5

—

Analysis and Rating of Plate Girder Railway Bridges and the last, Program No. 6—
Analysis and Rating of Railway Bridge Floor Systems, have been developed and

are a\'ailable through the AAR Research Center, 3140 S. Federal Street, Chicago,

111. 60616.

Report on Assignment 5

Study leading toward the establishment of a consistent design

loading for all structures supporting railway loading

Collaborating with Committees 1 , 7, 8 and 15

J. A. Erskine (chairman, subcommittee), E. R. Andrlik, D. S. Bechly, L. N. Bige-
Low, E. S. BiRKENWALD, G. F. Dalquist, J. W. DAVIDSON, N. E. Ekrem,
K. H. Lenzen, a. D. M. Lewis, G. F. Leyh. C. V. Lund, D. F. Lyons, H. L.

Machicao, J. F. Marsh, James Michalos, W. H. Munse, D. W. Musser,
A. L. PiEPMEiER, M. J. Plumb, C. R. Sanders, W. W. Sanders, Jr., C. B.

Smith, Hernan Solarte, J. D. Tapp, Jr., J. R. Williams.

A preliminary consistent loading specification has been prepared from what is

believed to be the best features of Chapters 1, 7, 8 and 15 of the AREA Manual

for Railway Engineering. This draft has been reviewed by Comnuttee 30 and is

being submitted to the collaborating couunittees for approval and/or comments.

Suggestions are also solicited from other interested members. Copies of the draft

will be furnished upon request to either the subcommittee chairman or Association

Headquarters.

After taking into account conunents received, the committee propo.ses to sub-

mit a uniform loading specification to the appropriate committees next year \Nith

a recommendation that each committee approxe its applicable portion for inclusion

in the Manual, thereby eliminating the inconsistencies which now exist.





Report of Committee 32—Systems Engineering

H. L. Chamberlain,
Chairman

H. R. Williams,
Vice Chairman

R. W. Holt, Secretary

W. E. DOWLING
R. H. Knittel

J. R. BOYER
L. F. Grabowski
J. E. COSKY

R. E. Ahlf
R. S. Allen
E. R. Andrlik
R. W. Bailey
S. H. Bari^iger
D. R. Behgmann
F. T. Berry
R. J. Berti
W. R. BjORKLUND
E. Bond
A. P. Campbell, Jr.

R. D. Combs
K. COTTEN
A. V. Dasburg

f. F. Davison
L. P. Diamond
R. DiRVONIS
R. L. Ealy
F. C. Edmonds
E. H. Fisher
F. D. Free
A. J. Cellman
R. C. Gilbert
D. L. Glickstein
A. M. Handwerker
D. M. Harlan
M. Horn
R. P. Howell
B. W. H. Jaeger
S. M. Jones

M. H. Krug
H. N. Laden
R. H. Lee
A. D. M. Lewis
J. F. Lynch, Jr.

VV. J. Mariluch
A. B. Merhitt, Jr.

G. F. McGlumphy
H. L. Murphy
D. G. Newnan
K. S. Niemonu
M. NOYSZEWSKI

J. R. Nutter
B. F. OVERBEY

J. A. Penner
A. W. Polich
B. H. Price, Jr.

B. R. Rischling
R. E. Robinson
F. G. SCHURMAN
T. H. Seep
R. B. Sliepka
R. M. SOBERMAN
R. A. Stane

J. J. Stark, Jr.

H. E. Storey
E. G. Talley
T. W. Toal
E. N. Wilson
T. P. Woll

Committee

Those whose names are shown in boldface, in addition to the chairman, vice chainnan and
secretary, are the subcommittee chairmen.

To the American Railway Engineering Association:

Your coniiuittee reports on the following subjects:

L Define and illustrate systems engineering concepts, developing a manual

of specifications for their application to railway engineering.

The committee is actively pursuing the defining and illustrating of

systems concepts. It is anticipated that Manual material will be pre-

sented for approval and adoption in 197L

2. Document present computer assignments of all AREA Committees

—

indicating their relationships in overall systems—with identification of

potential for expansion.

Progress report, submitted as information P-ige 437

3. Develop specifications for engineering admini.strative systems, such as

PERT, CPM Time and Cost.

The committee is engaged in assembling information concerning appli-

cations within the railroad industry, together with documentation.

435
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4. Define and specify all elements in the enj^ineei-coiiipiiter interaction,

promoting simplified and expeditions computer usage by the engineer

in all his functions.

No report.

5. Promote computer usage by railway engineers through demonstrations,

seminars, and programs of instruction by leaders in the field.

The committee is arranging for a discussion of systems engineering

applications and a demonstration of computer applications within an

engineering department en\'ironment, to l)e presented at the 1971

Convention.

6. Formulate a railway engineering data base suitable for computer proc-

essing, collaborating as necessary or desirable with Committees 11,

16 and 22, the AAR Data Systems Division and the Cost Analysis

Organization of the AAR Economics and Finance Department.

(a) Specify the degree of detail for reporting maintenance of way and

structures costs.

(b) Identify all significant cost-associated physical factors, such as

track and roadway construction and geometry, and structure de-

sign and construction, and specifying the necessary elements in

their file assembly.

(c) Assist in modeling, analysis and processing of available data.

No report.

7. Design and develop in full scope a clearance system for both excess

weight and dimensions of vehicles and loads,

(a) specifying all tlie system elements involved and their logical inter-

relationships, and

(b) coordinating the interests and requirements of all involved AREA-
AAR Engineering Division committees with those of the AAR
Mechanical and Operating-Transportation Divisions and the AAR
Management Systems Department.

No report.

The Committee on Systems Engineering,

H. L. Chamberlain, Chairman.

AREA Bulletin 631, January-February 1971.
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Report on Assignment 2

Document present computer assignments of all AREA
committees—indicating their relationships in overall systems

—with identification of potential for expansion

H. R. Williams (chairman, subcommiitee), E. R. Andhlik, R. W. Bailey, S. H.
Barriger, F. T. Berry, R. J. Berti, E. Bond, J. F. Davison, L. P. Diamond,
R. L. Ealy, F. C. Edmonds, L. F. Grabowski, D. M. Harlan, M. Horn,
R. P. Howell, M. VV. Krug, J. A. Penner, T. H. Seep, T. W. Toal.

Your committee submits as information the following progress report on the

activities of the \arious AREA committees having computer assignments.

Committee 11—Engineering Records and Property Accounting

Committee lis Subcommittee on Office and Drafting Practices presented a

report in the December 1969 Bulletin, No. 624, on the general application of

computer-generated images on microfilm, microfiche, or cathode ray tube.

The committee's Subcommittee on Application of Data Processing has under

study a computerized track record. The data base for this record includes location,

physical characteristics, usage, designation track mileage and trackage rights. This

record has unlimited potential in both the engineering and property accounting

areas.

Committee 30—Impact and Bridge Stresses

This committee has an assignment on the use of electronic computers for rail-

road bridge problems, collaborating as necessary or desirable with Conunittees 15,

16 and 32. During 1970 a computer program for analysis and rating of railway

bridge floor systems was prepared under the guidance of the committee. This pro-

gram complements previous programs for the analysis and rating of trusses and

girders. Also a new, more extensive set of moment and shear tables for heavy-duty

equipment on bridges was prepared by the AAR Research Center according to the

committee's recommendations. Committee 30's report in this Bulletin includes a

description of the six computer programs that have been developed to date and

which are a\ailable from the AAR Research Center at a nominal cost.
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Committee

( E ) Member Emeritus.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, are the subcommittee chainnen.

To the Atnerican Railway Engineering Association:

Your committee reports on the following subjects:

B. Revision of Manual.

Chapter 28 of the Manual is being reviewed for renumbering and

indexing in the decimal format.

1. Investigate the practicability of using disposable coded placards for iden-

tifying shipments of excessive dimension and/or weight tliat could be

used in conjunction with the Automatic Car Identification System.

To further progress on this assignment, the subcommittee chairman has

written a letter to the chairman of the AAR ACI Committee request-

ing guidance on how to proceed and its assistance. At report time no

answer had been received.

2. Compilation of the railroad clearance requirements of the \arious states.

The "Legal Clearance Requirements" chart is being revised and refined

to reflect the latest information furnished the subcommittee and the

chart will be submitted for publication when the work is completed.

In the interim any one desiring a copy may oijtain one directly from

R. D. Erhardt, a.ssistant engineer, Gulf, Mobile & Ohio Railroad, P. O,

Box 1828, Mobile, Ala. 36601.
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3. New methods and electronic de\ ices for lecordiny ineasnienients of

clearances of strnctuies alon^ right-of-way and o\erall dimensions of

cars and loads in yards and at interchange points, looking to the pos-

sihle nse of a compnter program for routing high and wide loads.

No report.

4. A study of the restrictions that the clearance personnel in the engineer-

ing departments of the various railroads furnish their transportation

and/or operating departments for the handling of loads of excessive

sizes and weights.

Assignment completed.

5. Clearance allowances to provide for \ertical and horizontal movements
of equipment due to lateral play, wear and spring deflection, collaborat-

ing as necessary or desirable with the Mechanical Division, AAR.

No report.

6. Feasibility of formulating a more complete method, for use of Trans-

portation Departments, in reporting loads of excessive dimensions to

minimize necessity for requesting additional information, collaborating

as necessary or desirable with the Mechanical Division, AAR.

Assignment completed with publication of new Manual material in the

1970 Manual Supplement.

7. Investigate the feasibility and cost of developing equipment and a con-

tract service arrangement to be made available to any railroad desiring

to make a clearance survey of its system.

No report.

8. Extend "Table for Computing Curve Oftsets on Overhanging Loads,"

now in the Manual, to accommodate longer loads and longer truck

centers, collaborating as necessary or desirable with Committee 32.

Computations have been completed and table is being revised for sub-

mitting to members of the committee for their consideration and even-

tual publication.

9. Investigate the possibility of including the truck center dimensions of

all cars in the Official Railway Equipment Register, collaborating as

necessary or desirable with the Mechanical Division, AAR.

No report.

The Committee on Clearances,

M. E. VossELLER, Chairman.

AREA Bulletin 631, January-February 1971.
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Report on Assignment 2

Current policies, practices and developments dealing with flood

control, water conservation, waterways and water
navigation projects

John Gressitt (cJiainnan, subcommittee), J. M. Bates, G. R. Collier, W. E.
Corbet, J. H. Fitzpatrick, R. V. Gilbert, C. E. Gilley, R. T. Haggerstrom,
A. O. Kruse, J. P. Layer, M. S. Patterson, J. F. Piper, R. C. Rankin, C. A.
Still, R. F. Weir.

REPORT BY L. H. McCURRY

Your committee submits as information the following progress report on the

National Water Commission. Related reports previously f)resented by the committee
include one on the Water Resources Planning Act of 1965 (Proceedings, Vol. 70,

1969, pages 558 through 577) and an address by Henry P. Caulfield, Jr., tlien execu-

tive director. Water Resources Council, U.S.A., given as a special feature during the

1969 AREA Convention (Proceedings, Vol. 70, 1969, pages 907-922). In his address

Mr. Caulfield commented on the Water Resources Planning Act, the Water Resources

Council, the 1968 First National Assessment of the Water Resources Council and
the new National Water Commission with its possible involvement in a long-range

study of the Inland Navigation System and its relation to regional and national

transportation requirements.

NATIONAL WATER COMMISSION

The National Water Commission was established by Public Law 90-515, Sep-

tember 26, 1968. There are seven members, including the chairman, all appointed

by the President. In addition, the Commission has a small professional staff directed

by an executive director. The National Water Commission is directed to:

( 1 ) Review present and anticipated national water resources problems, mak-
ing projections of water requirements as necessary and identifying alter-

nate ways of meeting these requirements;

(2) Consider the economic and social consequences of water resources devel-

opment, including the impact on regional economic growth, on institu-

tional arrangements, and on esthetic values; and

(3) Advise on such specific water resources matters as may be referred by
the President and the Water Resources Council.

Public Law 90-515 also requires the Conunission to consult with the Water
Resources Council, and to furnish its reports to that body for review and comment
prior to their submittal to the President and the Congress. The Commission is

required by law to complete its work by September 1973 and has been holding

hearings to accomplish its directives.

One such hearing was held on November 9, 1969, in Washington, D. C, where
the Association of American Railroads presented an oral statement of the railroad

industry's position concerning management of water and related land resources,

which indicated the railroads were principally concerned with two critical problems,

both essentially policy matters, relating to inland navigation projects and navigation

features of multiple-purpose water resources projects—these problems being the sub-
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sidies to inland navigation and procedures used to evaluate naxigatiou benefits (see

AREA Proceedings, Vol. 69, 1968, pages 254 througb 266). The railroads' statement

was first presented to the chairman of the National Water Commission by AAR
letter dated October 28, 1969, and is essentially as follows:

SUBSIDIES TO BARGE TRANSPORTATION

The National Water Commission asked if direct beneficiaries of Federal Water
Projects pay a sufficient part of the cost of such projects and if the States should

assume a greater share of water resources projects.

The Federal Go\ernment constructs, operates, and maintains inland navigation

projects and no attempt is made to recover any of these costs from beneficiaries.

Since direct beneficiaries of inland navigation projects pay nothing towards the costs

of such projects, the ob\ious answer to the first part of the (luestion is "no." The
answer to the second part of the question is that direct beneficiaries should pay for

the costs of inland naxigation projects.

Sound economic principles support the collection of fair and eciiiitable charges

from direct beneficiaries of publicly financed navigation projects. It is basically unfair

to make the general taxpayer bear the costs of constructing, maintaining and operat-

ing inland navigation projects. Direct beneficiaries of inland navigation projects

should pay the cost of the special serv'ices they receive as a matter of eciuity.

Subsidies to barge transportation do not promote sound national transportation

policies since the practice precludes shippers from selecting the most economical

mode of transportation, all relevant costs considered.

Because the costs of constructing, maintaining, and operating inland navigation

projects need not be reflected in barge rates, alternate modes of transportation, par-

ticularly the railroads, are discriminated against. This discrimination continues to

create unwarranted competitive handicaps for the railroads.

Inland navigation projects are considered economically justified if annual bene-

fits equal or exceed annual project costs. Project evaluation studies do not consider

the effects of appropriate user charges on the demand for barge transpoiiation. This

results in a built-in bias and in turn leads to the construction of (uieconouucal proj-

ects, the over-design of projects, and the early replacement of projects.

Several studies have been made of subsidized transportation, and without excep-

tion they have reconnnended that waterway users .should pay tolls or user charges

for Federally financed facilities. The railroad industry particularly invites the atten-

tion of the National Water Commission to the studies listed below:

1. Federal Coordination of Transportation. Public Aids to Transportalion.

1939 (4 volumes).

2. Board of Investigation and Research. Public Aids to Domestic Tran.sporta-

tion. Hou.se Document No. 159, 79th Congress, 1st Session, 1945.

3. Dearing, C. L., and Owen, Wilfred, National Transportation Policy. Brook-

ings Institution, Washington, 1949.

4. Issues Involved in a United and Coordinated l-'ederal Program for Trans-

portation. A report to tlie President from the Secretnr> of Conunerce.

December 1, 1949.

5. The President's Water Resoiuces Policy Coniniission. N'oiunie I. A Water

Policv for the American People, 1950.
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6. U. S. Department of Coniiiierce, Charges for Pri\ate Use of Federally

Provided Transportation Senices and Facilities, July 1953.

7. Task Force on Water Resources and Power, Commission on Organization

of the Executive Branch of the Government, Report on Water Resources

and Power, June 1955 (3 Volumes).

8. U. S. Department of Commerce, Federal Transportation Policy and Pro-

gram, March 1960.

9. U. S. Senate Committee on Interstate and Foreign Commerce, 87th Con-
gress, 1st Session. Special Study Croup on Transportation Policies in the

United States, Preliminary Draft of a report. National Transportation Pol-

icy, January 1961 (Doyle Report).

The principal advantages of adopting fair and equitable user charges on inland

na\'igation projects are briefly sununarized as follo\\'s:

1. The cost of constructing, maintaining, and operating inland waterways

would be shifted from the general taxpayers to direct project beneficiaries.

2. Adequate user charges would promote sound national transportation pol-

icies as shippers could select the least costly mode of transportation, all

costs included.

3. Adequate cost-sharing principles and user charges would eliminate dis-

crimination against competing or alternative carriers.

4. The adoption of cost-sharing principles and user charges would result in

improving the quality of studies of navigation projects and na\igation

features of multiple-purpose projects

5. Adoption of user charges would reduce the pressure of promotional groups

for more and larger navigation projects since users would be required to

pay for such projects.

6. User charges would promote the more efficient use of the Nation's

resources by precluding the construction of uneconomic projects, the over-

design of projects, and the early replacement of projects.

Evaluation of Navigation Benefits

Historically, the Corps of Engineers has computed navigation benefits as the

difference in estimated barge rates and published rates of alternative carriers. This

procedure was followed even though Bureau of the Budget Circular No. A-47,

December 31, 1952 (Reports and Budget Estimates Relating to Federal Programs

and Projects for Construction, Development, or Use of Water and Related Land
Resources) and Senate Document No. 97, 87th Congress, 2nd Session, May 29,

1962 (Policies, Standards, and Procedures in the Formulation, Evaluation, and Re-

view of Plans for Use and Development of Water and Related Land Resources)

required navigation benefits be computed as the difference in carrier incremental

costs. Computing navigation benefits as the difference in carrier rates does not and

cannot measure national income gains or the real worth of navigation projects. At

best, it can only hope to measure the income transferred from the Nation's taxpayers

and alternative caniers to barge line operators and shippers.

Notwithstanding the obvious defects in evaluating navigation benefits as differ-

ences in carrier rates. Section 7 of the Department of Transportation Act requires

the use of this procedure.
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Section 7 of the Department of Transportation Act is as follows:

(a) The Secretary, subject to the provisions of Section 4 of this Act, shall

develop and from time to time in the light of experience revise standards

and criteria consistent with national transportation policies, for the

formulation and economic evaluation of all proposals for the in\estment

of Federal f\mds in transportation facilities or eciuipment, except such

proposals as are concerned with ( 1 ) the acquisition of transportation

facilities or equipment by Federal agencies in providing transportation

services for their own use; (2) an interoceanic canal located outside the

contiguous United States; (3) defense features included at the direction

of the Department of Defense in the design and construction of civil air,

sea and land transportation; (4) programs of foreign assistance; (5)

water resources projects; or (6) grant-in-aid programs authorized by law.

The standards or criteria for economic evaluation of water resources

projects shall be developed by the Water Resources Council established

by Public Law 89-80. For the purpose of such standards and criteria,

the primary direct navigation benefits of a water resources project are

defined as the product of the savings to shippers using the waterway

and the estimated traffic that would use the waterway; where the savings

to shippers shall be construed to mean the difference between (a) freight

rates or charges prevailing at the time of the study for the movenuMit

by the alternative means and (b) those which would be charged on the

proposed waterway; and where the estimate of traffic that would use

the waterway will be based on such freight rates, taking into account

projections of the economic growth of the area.

The Water Resources Council established under Section 101 Public

Law 89-80 is hereby expanded to include the Secretary of Transporta-

tion on matters pertaining to navigation features of water resources

projects.

(b) Every survey, plan, or report formulated by a Federal agencv' which

includes a proposal as to which the Secretary has promulgated standards

and criteria pursuant to subsection ( a ) shall be ( 1 ) prepared in accord

with such standards and criteria and upon tlie basis of information fur-

nished by the Secretary with respect to projected growth of transporta-

tion needs and traffic in the affected area, the relative efficiency of vari-

ous modes of transport, the a\ ailable transportation services in the area,

and the general effect of the proposed investment on existing uiodes,

and on the regional and national economy; (2) coordinated by ihe pro-

posing agency with the Secretary and, as appropriate, with other Federal

agencies. States and local units of government for inclusion of his and

their views and connnents; and (3) transnntted thereafter by the pro-

posing agency to the President for disposition in accord with law :ui'l

procedures establi.shed by hiui.

Although the railroads are not (luestioning the right of Congress to leRisIate .such

a procedure, they also recognize that Congress cannot change sovuid economic theory

by legislation any inore than it can change the law of gravity. Tliere is general c«)n-

sensus that navigation benefits computed in accordance with Section 7 cannot meas-

ure the real econonnc benefits of navigation projects and therefore vjol.itcs sound

economic evaluation procedures.
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Section 7 of the Department of Transportation Act practically prohibits the

development of sound criteria for use in evaluating inland naxigation projects. This

contradicts one of the principal reasons for establishing the Department of Trans-

portation which was to ".
. . revise standards and criteria consistent with national

transportation policies, for the formulation and economic evaluation of all proposals

for the investment of Federal funds in transportation facilities . .
." Consequently,

the Department of Transportation Act not only imposes a legislative constraint on

the soinid evaluation of navigation projects but impedes the development of sound

evaluation criteria.

There is an urgent need for a comprehensive review of the adequacy of proce-

dures used to evaluate navigation benefits. The railroads' study of the problem

demonstrates the proper measure of navigation benefits is the difference in carriers'

incremental or marginal costs.

Recommendations

The railroads industry urges and recommends that the National Water Com-
mission carefully review the need for fair and equitable user charges to recover the

costs of constructing, maintaining, and operating inland navigation projects. The

present and the four preceding Presidential Administrations have each recommended

a very modest tax on fuel used by towboats operating on inland waterways. The

current recommendation of a tax of 2 cents per gallon would recover about 10 per-

cent of the cost of operating and maintaining inland waterways. It would not recover

any costs associated with the amortization of and interest on the substantial inx'est-

ments in inland naxigation projects. Although the recommendation of the present

Administration is extremely modest, it represents a first step in the right direction.

The ultimate objective of user charges should be the recovery of all costs associated

with inland navigation projects recognizing, however, that because of substantial

"sunk costs" the minimum objectixe should be the recovery of operating and main-

tenance costs. Future in\estment costs in inland navigation projects should, of course,

be recovered by appropriate user charges.

The railroad industry also urges and recommends diat the National Water
Commission carefully review the adequacy of the current procedure used to eval-

uate navigation benefits. Since there is general consensus that navigation benefits be

measured as the difference in long-run marginal costs of carriers, we recommend the

adoption of this procedure. This procediue will reflect the real economic worth of

inland navigation projects.

As previously stated, the above is essentially as presented by the AAR as an

oral statement before the National Water Commission on November 9, 1968.

COSTLY BARGE TRAFFIC

The public should be better informed of the taxpayers' money being spent on

inland waterways and one such source of information is local editorials such as the

following that appeared in the Lawrence (Kansas) Journal which reveals an inter-

testing viewpoint that is general in its application:

"While our nation flounders in financial difficulties, the government con-

tinues to spend money with reckless abandon, and numerous goxernment

agencies keep looking for new ways to try and drain the treasury dry.

"Recently, the U. S. Engineers have been talking about digging a deeper

channel on the Missouri River between St. Louis and Sioux City, la., to
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proN'ide easier passage for present barges and tugs, and to allow larger

vessels to go up and down the river. They toss off figures of expense as if

the proposal is a somewhat minor project at a bargain cost.

"Already die Missouri River has cost the taxpayers hundreds of nnllions

of dollars, maybe billions, all of questionable \alue to the people who pay

the bills.

"Railroads finance all tPieir o\\ n operations, including purchase of rights-

of-way and equipment, and on top of that they pay huge taxes for operation

of state and local governments and public schools. The river barge people

have their 'right of way' provided free; the government pays nearly all main-

tenance and the taxes paid are negligible.

"The engineers say the Missouri channel can be deepened from 6 feet,

6 inches to a full 9 feet for only $413,110,000.

"Let's see how much that amounts to.

"Based upon interest rates now paid by the government on new issues,

the annual interest bill alone would be approximately $24,780,000. This in-

cludes nothing for debt reduction or the costly overhead which government

always adds to the expense.

"Just for the sake of making comparisons, how far would this annual

interest bill go toward justifying freight mo\'ed on the Missouri?

"Here is one way to draw a comparison:

"If existing, tax-paying railroads would send eight freight trains each

day from St. Louis to Sioux City, and if from the other end of the line they

would start eight additional freight trains toward St. Louis, it would make

a total of 16 long freight trains making the run each day.

"Tonnage hauled on the Missouri River in a year is only a small fraction

of what these 16 trains could carry.

"Uncle Sam could pay the railroads $4,200 for each of these 16 trains,

every day in the year, for what the interest alone would cost for the dredging

of the channel an extra two and one-half feet in depth.

"This doesn't include a penny for the original investment of $413,110,000

nor a single penny for costly maintenance and overhead.

"Barge enthusiasts point a finger of scorn at anyone who (luestions the

huge outlays spent in providing free riglit-of-way for the bait builders i)ut

the day will come when taxpayers will realize more clearly how they ha\e

been duped in .spending billions to finance the so-called cheap ri\er traffic.

'

CONCLUSION

In closing, it is the hope that the National Water Commission will reali/.c its

true objectives and will abide by the Declaration of Purpose of the Department cf

Tran.sportation Act which reads in part:

"Sec. 2(a) The Congress declares that the general welfare. [\u- ctdnomn

growth and stability of the Nation and its security require the dcNelopinent

of national transportation policies and programs conducive to the provisions

of fast, safe, efficic-nt and con\enient transportation at the lowest cost con-

sistent therewith and with other National objectives, including the efficient

utilization and conservation of the Nation's resources. . .
."
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Committee

(E) Member Emeritus.
Those whose names are shown in boldface, in addition to the chairman, vice chairman and

secretary, were the subcommittee chairmen jirior to the complete reorganization of the com-
mittee, which is discussed below.

To the American Railway Engineering Association:

Yom- committee reports on its reorjranization, and on the one assignment

—

summer employment—that continued without interruption.

COMMITTEE REORGANIZATION

The committees of AREA have been asked by the Board of Direction to re-

examine their scope and activities, and to modernize them wherever appropriate.

During 1970 your Committee 24 continued the major effort, the start of which

was reported brieHy hist year, to reappraise itself. Fundamental changes were

developed.

A change of name and a new set of assignments were appro\ed b\' the AHK.A

Board of Direction at its meeting on November 20, 1970. New chairmen have

agreed to lead the .subcommittees responsible for the new assignments, and so your

Committee 24 enters 1971 completely reorganized to start its new work.

Further details follow.

COMMITTEE NAME

The new name is Engineering Education.

This was developed and discussed at the October 1969 and March 1970 com-

mittee meetings. It was then submitted to a letter ballot of the entire committee

in September 1970. Of the 51 members (not including asswiate-s), 34 returned bal-

lots. There were 32 "ye.s" and only 2 "no" votes.

AREA Bvilletin 6.31. January-February 1971.

Note—Discussion on the Committee 24 report closes on May I. 1971.
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As already noted, the change was approved by tlie Board of Direction in

November 1970.

The members bcHeve that this new name, though much shorter, gives the com-

mittee much greater scope for useful assignments than the previous one, Cooperative

Relations with Universities. In addition it was felt that AREA, railroads, or railroad

engineers do not "cooperate" in "relations" with universities, but rather that the

interactions that do exist are largely with individual professors. The previous name
has had little meaning or status in the academic world, while "Engineering Educa-

tion" is in line with the usage of the American Society for Engineering Education,

and resembles tlie even shorter title, "Education," of the American Road Builders

Association committee with somewhat similar industry-faculty activities.

SCOPE

The Board of Direction of AREA has asked all committees to develop state-

ments of scope. This was a particularly useful task for Committee 24 as the task

of drafting, revising, and editing helped to guide it in the directions towards which

its new assignments should be pointed.

A first draft was started in October 1969, and lengthy attention was given to it

at both the March and October 1970 meetings. A final statement has been sub-

mitted to the Board for its approval.

In general, the suggested scope is visualized as being that the committee serves

as a link between the railway engineering profession and engineering education and

that it serves to help people in each group to become more familiar with the inter-

ests of and activities in the other. It also outlines the major areas of interest of the

committee.

ASSIGNMENTS

With a new name and statement of scope, the committee then asked itself

what assignments would lead to the most useful results. There was general agree-

ment that most of the previous ones were no longer relevant. The new assignments

that developed from this analysis were approved by the Board of Direction of AREA
at its November meeting.

The new assignments follow. They are accompanied by brief comments; details

will be developed by the new subcommittees responsible for them.

A. Recommendations for further study and research

A continuing re-examination of what the committee should best be doing.

1. Recruiting

How railroad managements, working with university staffs, can do the best

possible job of finding and attiacting graduating engineers to their engineering

departments.

2. Summer employment

Assist railroad engineering officials and engineering students to get in touch

with each other about summer employment opportunities.

3. Student internships

Encourage railroad engineering departments to participate actively with tho.se

colleges and universities offering student internship programs.
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4. Student affiliates

Revitalize this existing AREA program by re-examining all aspects of it and

developing improvements.

5. Speakers

Act as a clearinghouse and report on what activities took place during the

academic year in which people from railroads made speeches, showed slides and

movies, conducted field trips, and participated in other activities designed to

acquaint engineering students with railway engineering.

6. Project case studies

Develop detailed documentation about actual current railroad engineering proj-

ects to use as examples in transportation engineering courses.

7. Continuing education

How can engineering educators assist in providing part-time education, short

courses, lectures at railroad offices, or other programs to bring new develop-

ments in engineering education to engineers already employed by railroads.

8. Exchange of professional staffs

Try to develop arrangements whereby engineering educators could spend

periods of time working in railway engineering departments, and railway engi-

neering officials could participate in college and university classroom instruc-

tion about railway engineering.

9. Research resource a\ailabilit\-

Many graduate students in universities become familiar with specific fields of

engineering primarily by working on research sponsored by outside funds, ])nt

there have been only a few such opportunities at a very few schools that ha\c

been railroad-engineering oriented. This assignment will focus on how such

opportunities can be increased.

SUBCOMMITTEE CHAIRMANSHIPS

The new assignments have provided an appropriate opportunity to reassign

responsibilities within Committee 24. Most suljconimittee chairmen, having workctl

loyally for many years, needed a rest. Two, W. A. Oliver and R. H. Lee, agreed

to continue in essentially the same responsibilities that they had before. Other mem-

bers have volunteered for all the new assignments.

New chairmen of subcommittees are:

A. Recommendations for further study and research

(H. M. Williamson)

1. Recruiting

(W. R. Catching)

2. Summer employment

(W. A. Oliver)

.3. Student internships

(C. T. Yarbrough)

4. Student affiliates

(T. G. Schultz)
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5. Continuing education

(A. L. Sams)

6. Speakers

(R. H. Lee)

7. Project case studies

(D. N. Cortright)

8. Exchange of professional staffs

(C. T. Popma and B. M. Davidson)

9. Research resource availabihty

(V. J. Roggeveen)

FURTHER WORK

The final steps are now underway.

The remaining committee memliers are being assigned to work with the new
subcommittee chairmen, in the best possible correlations of indi\iduals ar.d their

areas of interest.

The April 1971 meeting of Committee 24 will provide the initial opportunity

to discuss these new assignments in detail; work by correspondence is underw-ay on

several of them.

The 1971 committee report to members will describe how this new program

develops.

Report on New Assignment 2

(Former Assignment 3)

Summer Employment
(Formerly: The Cooperafive System of Education, Including Summer Employment

in Railway Service)

W. A. Oliver (chairman, sithcommittce), T. M. Adams, W. S. Autrey, J. B. Bab-
cock, R. H. Beeder, T. p. Cunningham, R. J. Fisher, L. C. Cilbert, Claude
Johnston, T. D. Kern, R. H. Lee, B. B. Lewis, R. B. Rice, V. J- Roggeveen.

In accordance with its practice since 1959, Committee 24 canvassed the rail-

roads during December 1969 concerning their employment opportunities for engi-

neering students for the summer of 1970. A questionnaire was sent to tlie chief

engineering and maintenance officers and chief personnel officer^s of the railroads

of the United States and Canada. It requested information about their requirements

for the coming summer, as well as about their program of the preceding one. Posi-

tions to be available were tabulated, and sent by the Association to the deans and

department heads of some 125 engineering colleges with the request that they bring

these opportunities for summer employment with the railroads to the attention of

their students.

Employment Opportunities

The number of railroads offering summer employment in 1970 v\as down com-
pared to 1969, a not unexpected development. The results obtained from the 1970

questionnaire and, for comparison, the 1969 figures, were:
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SuMMKK Employment

Number of Railroads

1969 (for

1970 Comparison)

Offering employment throvitih Committee 24 17 25
Offering employment, liut not through Committee 24 23 20

Number of railroads offering employment 40 45
No employment available 11 8

Total return of questionnaires 51 53

Employment Experience

Information about actual 1969 summer employment by the railroads was also

requested in the questionnaire. It is a well known fact that the railroads have for

many years been employing many hundreds of college students during the summer
vacation months. The following figures are only an indication of the total numl^ers

employed in 1969, as companies that did noi answer the questionnaire probably also

employed college students.

Summer Employment in 1969

Engineering and other college students employed in 1969 3,299
Number of repeats from the summer of 1968 1,010
Number from those employed during summer months who became permanent

employees 159

Committee 24 takes this opportunity to thank the railroads for the support they

have gi\'en tliis project and requests their continuing cooperation. It plans to con-

tinue this acti\ ity in the coming year.
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Luncheon Address

—

Planning and control

By J. H. SPICER

Vice President, Transportation and Maintenance*

Canadian National Railways

I want to say a few words about Planning and Control and touch briefly on

some of the implications for railway engineers.

Ever since our early ancestors ambled out of a cave and decided, with their

neighbors, how to tackle a dinosaur, planning and control have been an essential

element in the progress of man. Unfortunately, preparing meaningful long-range

plans for a railway has always been extremely difficult because of the complexity

of market forecasting, production forecasting, and the close inter-dependence of these

elements.

A number of years ago we reached the not novel conclusion that, to ensure

continued corporate health, we needed more complete plans for the future. It was

obvious that in developing a meaningful plan the following factors should be taken

into account: economic environment, the total transportation market, the likely

effects of difi^erent levels of rates, speed and reliability on market share, the operat-

ing and capital cost implications of the various service and volume possibilities,

the effects on personnel of each alternative, and the assessment of the physical and

financial ability to undertake each of possible courses of action.

It became apparent rather quickly that, if basically manual methods were used,

preparing only a few alternatives for each major element independently would be a

formidable task; but if we tried to interrelate the many elements, each having a

wide range of variables, to produce an optimum solution for the system as a whole

we would have to employ a significant portion of the Canadian population for a

number of years. Although this would do wonders for Canada's unemployment

statistics, it would play havoc with our operating budget. Two decisions were made.

The first was to start modestly, and, the second, to see how computers might be

used.

Environmental Factors

The starting point is the environment in which the railroad will be expected to

operate, and in the CN we begin with a general projection extending approximately

20 years into the future. We then start a detailed review covering the next five

years. We feel it important to develop the five-year program against the background

of a 20-year outlook as we have found tliat it is possible to anticipate significant

changes beyond the five-year period which should not be ignored in preparing the

shorter term plan. The review is essentially an attempt to assess the market over

* Subsequent to the Regional Meeting, Mr. Spicer was promoted to vice president, Prairie
Region.
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the next five years taking account of past history, future changes expected in the

social and economic environment, the activities of competitors, technological changes

and the changing needs of the market.

From this review we obtain commodity volume forecasts of known or antici-

pated business, market areas which appear exploitable or vulnerable, pricing policies

and revenue potential and projection. A specially developed computer program is

used to convert volume forecasts into expected work loads and demands on our

production resources. This takes the five-year projections for the 65 different com-

modity groups used in our economic forecasts and provides a comprehensive break-

down of expected car movements between 174 stations. The program also divides

the total car movements between any two of these centers into three classifications:

1. Preference traffic which requires fast, highly reliable service.

2. Bulk and other traffic requiring primarily reliable service.

3. Heavy axle load traffic which places maximum structural demands on the

track.

Resource Factors

The appraisal of the market and the resulting marketing proposals indicate

where we can go or where we would like to go. They are stated in specific work-

load terms and with this information we have been able to simulate future train

and yard operations, compare capacity requirements with existing capabilities and

reach conclusions on the specific programs required to provide the capacities indi-

cated. The next step is to decide between the alternatives before us. It is in this

area that the computer models are extensively used. Over a period of years we have

developed a library of programs which allow us to assess the impact of traffic changes

on our plant capacity and experiment with alternatives relatively easily and (luickK.

As a result, we now have a good picture of our signal, siding extension, and rail

program requirements by subdivision for the System over the next five years and

beyond. We also have been able to assess the marshalling and industrial work loads

at all significant terminals and design the terminal changes required to meet tlie

new pattern. We have been able to make detailed comparisons between our existing

freight and locomotive fleet and that which will be required in tiie planning period.

In short, the work-load forecast has permitted us to prepare quite specific plans

for required changes in signalling, siding extension programs, terminal designs,

locomotive and car inventories, rail programs and track quality requirements, etc.

This then becomes the basis for more detailed analysis of the impact on financial,

material and human resources. This detailed analysis may indicate areas which are

unacceptable from a resource \ iewpoint and, if need be, the cycle will be repeated

and other possibilities exannned until an acceptable plan e\oI\es. The marketing

plan, together with its resulting production, financial and manpower counteriiarts,

form the company's "corporate plan" and after re\ iew and approN'al by top manage-

ment and the Board of Directors becomes the authority for future action and

developments.

Cybernetic Elements

The plans and strategies which develop are the result of continuous interaction

between all levels of management and all functions. As the proposals evolve and

are considered, they undergo continuous adjustment, and alternatives are reviewed

and assessed before the final product emerges. The approach is a total sy.stenis
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one in\()l\iiig analysis of the impact and implications of cacli proposal or possibility

on available production, financial and manpower resources and on the company's

profitability. If need be, partial or complete recycling of the different stages is

carried out until an acceptable and realistic plan for the company's future is reached.

While we have described the various stages secjuentially, information and re-

sults arc fed forward or back and steps retraced and recycled when difficulties arise

or new opportunities develop.

Decision Models

Most physical elements of a railway are expensive, have a relatively long life

and cannot be modified quickly. For example, to increase significantly the capability

of a major traffic route is both extremely expensive and time consuming. To ensure

that the plant capability reasonably matches plant requirement, decisions to proceed

with expansion programs must be based on forecasts of the future. Even the more

expensive crystal balls fail to dispel all uncertainties.

Deciding between alternati\es and finding the "optimum" decision is a com-

plex task. Optimization is in fact rarely a practical reality and at best all we can

hope to achieve is the optimum compromise between two or more conflicting pos-

sibilities. Some of the factors involved are, moreover, very difficult to quantify,

and subjective criteria based on experience and judgment have in the past been

tile main means of resolving conflicts. The penalty for being wrong is increasing

and all possible help must be made available to railroad decision makers.

It is in this area of decision making under uncertainty that many of the tech-

niques of management science are proving very useful. Application of the techniques

would in many cases not be possible without the parallel developments \\'hich ha\e

taken place in computers and computer science. Together they are producing more

objective measures to help management.

Probably the most useful is a network model we have developed. This is, in

effect, a model railroad in which we can move cars from origin to destination

through the CN rail network and examine the effect of changes in traffic mix and
volume, changes in facilities and changes in operating procedures, practices and
schedules. Because of the complex interactions between the many different elements

of a railroad system, a computer-based model of this kind is essential if a reliable

picture of the inipact of any change on die total system is to be obtained. The
network model is our "look-before-you-leap" tool and is applied to such problems as:

(a) Capabilities of existing resources to handle the increased volumes which

we anticipate and the efl^ect on the level of service being pro\'ided.

(b) The ability to reroute traffic over less densely travelled sections and the

effect on service of so doing.

(c) The eftect of changes in traffic mix, including the impact of container

trains, unit trains, etc., on other traffic.

(d) The service changes and resources required to meet market requirements.

The experience and judgment of the human decision maker, however, is still

and will remain the most important element in the decision process. The computer
and the techniques can undoubtedly assist, but without human values we can only

hope at best for mechanistic solutions.

Control Aspects

Once a plan of action has been developed, and decisions taken, it is necessary

to control the many processes involved in performing our transportation business.
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With modern computer and conuniinication technology, the information require-

ments can be met without too much difficulty. Meeting the control requirements,

however, is a much more difficult task since it has to be able to ensure reliable

and predictable performance over a wide range of service requirements. The com-

plexity of tlie basic rail freight product—the movement of goods in carload lots

between any combination of industry sidings along a vast network of lines—together

with the interactive nature of the elements which make up a railroad, combine to

make the achievement of an adequate control system a major problem.

Central to any control system is access to timely and accurate information and

in the CN we are in the process of installing an on-line real-time information system

to fill this need. The specifications for this have been determined by the type of

control we believe is needed.

Our approach has been first to determine and test our control concepts and

then develop an appropriate data base to satisfy these. I think our concept of the

eventual control system leads the field, though a few others have progressed further

in establishing the data base. We hope to be able to go on-line immediately with

the control system once the data base becomes available. Development has been

underway now for about three years.

We call our system TRACS, which is an acronym for Traffic Reporting and

Control System. Many other railroads are developing similar systems and they, too,

have created names based on this current acronym fad. As an aside, I was interested

to read about a program of a railway to reduce expenses—a part of the plan called

for Retiring Aged Personnel Early. As you might expect, the program was called

RAPE. I gather the employees thought this name more of a synonym than an

acronym.

In transportation, the control requirements are probably most acute and de-

manding in the case of loaded and empty car movements since we require a system

which will respond in real time to any deviation from the desired service. The heart

of the CN control system is a "trip plan" or expected pattern of movement of a car

which can be used to plan the handling and as a standard against which the progress

of the car can be measured and e\aluated. The plan will be automatically produced

by a computer as soon as a car is accepted for loading and shipper's requirements

for its move are known. Each schedule will be individual to each car and gives a

complete siding-to-siding record of the planned move, connections to be made, etc.,

and the expected time of placement of the car.

As the car moves, its performance is monitored against the standard, and as

long as the car adheres to its planned schedule no report is made and no action is

taken. Should, however, any deviation occur, such as a missed connection, becoming

bad order, etc., this information is fed automatically to a control plant. Since the

original trip plan is no longer valid, a new trip plan is created giving the new con-

nections and the new time of placement. A decision is then taken on the action

required. This could be simply to inform the shipper of the new placement time,

or it could be to change the priority of the car to gi\e it preferred handling for the

rest of its journey in order to minimize delay, or even in extreme ca.ses provide

.special handling at additional cost to put the car back on its originally planned

schedule. We envisage at the present time that this decision would be made by

a responsible officer with adequate authority to override normal operating con-

straints; we doubt if it will ever be possible to delegate it to a computer. The deci-

sion would be based on the railroad's knowledi'r <'f ilw slnpjier's requirements, the
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priority attached to the car and with full cognizance of the railroad's o\erall market-

ing objectives.

Since the movements and service recjuirements of all cars are known in ad-

vance and arrival times at different points enroute are predictable, work loads at

terminals and intemiediate points can be preplanned. The predicted placement time

together with the previously established unloading pattern of the shipper, also

allows future moves of the car to be planned ahead, the car to be reassigned through

the empty car management system, and the cvcle repeated. Empty cars will be

controlled in much the same fashion as loaded cars and each move will be con-

trolled by means of a trip plan.

It will be appreciated that the design of a control system capable of accepting

the permutations of the many origin /destination pairs and the varying service pat-

terns which exist on a major railroad network, and which has the ability to monitor

simultaneously the progress of tens of thousands of individual cars, is a demanding
task and a real challenge in cybernetic control. It would be impossible without the

latest in computer and communications technology.

Although I have dealt mainly with the transportation aspects of the planning

and control process, the involvement of the mechanical and engineering depart-

ments is critical. Obviously, decision must be taken regarding train lengths, car

capacities and train speeds. These decisions cannot be made until their implications

on track structure, alignment, grade and maintenance have been assessed. Standards
that were acceptable for the shorter, slower trains of lighter cars require careful

re-examination. Although much work is now being done to determine what forces

are in play, our knowledge is still quite inadequate. The empirical short-term solu-

tions being employed are expensive to the extent that they could more than offset

the improvements in the railways' marketing and transportation capability. We must
learn quickly what dynamic forces are being created and what physical changes
are indeed required to safely accommodate the modern train. I commend to you a

paper presented bv R. M. Brown, chief engineer of the Union Pacific Railroad, to

the R.S.M.A. [Railway Systems and Management Association] in February 1970.

This paper dealt at some length with the impact of new traffic concepts on the track

structure.

The industry is dependent on organizations such as yours to provide leadership

in this important field. We nuist find the proper solutions if railroads are to survive

and meet the challenges and opportunities of the future.

Ontario Program of Regional Development

By Dr. R. S. THOMAN
Director, Regional Development Branch, Department of Treasury and Economics

Government of Ontario

In the past five years the Province of Ontario has made substantial progress

towards an efl^ective regional development program. In January 1965, the Federal
Governnient and the Province jointly sponsored a Conference on Areas of Economic
Stress in Canada at Queen's University, Kingston. One month later, the Province was
host to a major International Conference on Regional Development and Economic
Change. In the spring of 1966, a Wliite Paper, Design for Development was pub-
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lished, setting down the olijeetives and adniinistrati\e machinery. In DeceniluT 1968,

a second White Paper, Design for Development, Phase II, indicated important rela-

tionships between the regional development objectives and those of a parallel move-

ment known as regional government, in which the existing structure of local goxern-

ment is being reorganized into larger and more effective units.

The major objectives of the Regional Development Program are threefold:

(1) encouragement of each region towards its recognized socio-economic potential;

(2) conservation of the natural environment (wise use in our time and for the pre-

dictable future, emphasizing changing technological and related conditions) and

(3) impro\ed coordination of both provincial ser\'ices and provincial-local relation-

ships.

Administrative machinery includes a Cabinet Committee on Policy Develop-

ment, chaired by the Premier; an Interdepartmental Advisory Committee on Re-

gional Development, chaired by die Deputy Treasurer and Chief Economist; Re-

gional Adxisory Boards comprised of provincial field staff, and Regional Develop-

ment Councils with membership from local jurisdictions and private groups. A Re-

gional Development Branch serves as catalyst among these groups, with specific

responsibility for preparing plans for the Advisory and Cabinet Committees.

At this time, the Province is divided into the Camu-Weeks-Sametz system of

ten planning regions, urban-centered where possible but adjusted, with certain ex-

ceptions, to county boundaries.^ These boundaries will be changed when necessary,

particularly so that development regions will become aggregations of two or more

units of regional government.

In January 1967, Dr. Richard S. Thoman became the first director of the Re-

gional Development Branch. He continues in this position, and also as professor of

geography at Queen's University, on leave of absence. In tlie January 1967-Januar\

1970 period, the staff of the Branch increased from seven to 55, with a 1970-71

complement of 60.

The Program has three stages. The Inventory Stage, completed in 1967, was

an assessment of all existing information, projects, and policies of Ontario depart-

ments which would be useful for the emerging Program. An active program of uni-

versity research in regional development, also initiated that year, continues to be

important.

The Evaluation Stage, completed in 1968, was in two parts. One part in\()I\fd

qualitative input from Regional Development Councils and Regional Adxi.sory Boards

as to the nature of problems in their respective regions. The other part, carried out

by the Branch, was a trend assessment of 6.3 indicators of socio-economic changi-

over the 1951-1966 period. From these trends, in which performance of the smallest

geographical unit of data axailability was compared with a pro\ incial average for

each indicator and then for all 63, fi\e ]e\els of performance were aggregated for

the entire Province. Results of this work will be published in 1970 as a Regional

Development Atlas.

The third stage, plan creation, was begun in 1969 and will be completed in first

draft by early 1971. In this stage, .specific plans are being prepared for each t>pe of

performance area as aggregated in the Evaluation Stage, and in view of the nni<|ue

conditions of each planning region, especially as reported by the Regional Dcvclop-

1 Pierre Camu, E. P. Weeks, and Z. W. Sametz, Economic Geography of Cniwdu (TortmJo,

MacMillan of Canada, 1964), pp. 2.59-374.
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inciit Councils and Regional Ad\i.soi> Hoards. TwcKc steps arc invoked in the

entire process for each planning region. Tliese are:

1. Refinement of provincial goals.

2. Assessment of h]\aluation Stage for (a) patterns and (h) problems.

3. Preparation of a .socio-economic base study.

4. Preparation of land use maps involving (a) current laud use, (b) in-

herent capability, especialK' as shown by the Canada Land hiventory

and (c) urban impact.

5. Assessment of impact of technological and related change.

6. Examination of possible growth points.

7. Establishment of regional objectives.

8. Formulation of urban-oriented policies and selection of growth points.

9. Formulation of non-urban policies and identification of relationships with

urban policies.

10. Liaison with other jDrovincial departments. (This is a continuing process,

but a specific review is provided for here.)

IL Isolation of alternative plans.

12. Recommendation of a best set from point 11, above.

At the end of step 7, and again at tiie end of step 12, the plans are to be sent

to the Regional Development Councils and the Regional Advisory Boards for de-

tailed review. Work currently is continuing "on time" according to a schedule estab-

lished in 1967.

Interest in the Regional Development Program has been intensifying, partly

because the Program has been encoiu'aged by Premier Robarts as basic to policy.

Draft plans for six of the ten regions will be forwarded to respective Regional Devel-

opment Councils and Regional Advisory Boards in 1970, and for the remaining re-

gions in 1971.
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Nominating Committee, 1971 Election

Pdit Presidents

A. V. Johnston, Chairman

Gen. Mgr., Intl. Cons. Div., CNR
J. M. Trissal

Retired Vice Pres. Real Estate,

IC RR.

T. B. HUTCHESON
Asst. Vice Pres., Engrg. & M. of W.,

SCL RR.

H. E. Wilson
Asst. Chf. Engr. Sys., AT&SF Ry.

H. M. Williamson
Chf. Engr. Sys., SPT Co.

Elected Members

R. C. Tench (East)

Chf. Engr. Sys., C&O Ry.-B&O RR.

R. A. Kelso (South)

Chf. Engr. Line Maint., Sou. Ry.

Sys.

G. R. Collier (West)

Proj. Engr., AT&SF Ry.

T. J. Boyle (Canada)

Engr. of Brdgs. & Structs., CPR
L. A. Durham (At Large)

Chf. Engr., N&W Ry.

The foregoing committee formulated its official slate of nominations at a

meeting in Chicago on September 28, 1970, which nominations were presented to

letter ballot vote of the membership with the Fall 1970 issue of the AREA News.

Committee of Tellers, 1971 Election

The following committee was appointed to canvass the ballots for officers and

directors and for members of the Nominating Committee, tlie count being made on

March 16, 1971.

R. E. Pearson, Chairman P. Haven
R. W. Tipper,

Vice Chairman

L. AXELL
L. R. Beattle

A. H. Galbraith

D. C. Johnson

R. E. Kuston
T. Lassen

G. W. Mahn, Jr.

L. E. Rekuch

F. H. Smith

W. H. Spinks

W. S. Stokeley

W. S. TUINSTRA

N. E. Whitney, Jr.

P. Williams
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Successful candidates in 1971 election

For President:

A. L. Sams, Vice President and Chief Enji;iiieer, Illinois Central Railroad,

Chicago

I'\>r Senior Vice President:"

R. M. Brown, Chief En^'ineer, Union Paeifie Railroad, Omaha, Neb.

For Junior Vice President:

D. V. Sartore, Chief Engineer-Design, Burlington Northern, Inc., St. Paul,

Minn.

For Directors:

East:

L. A. Durham, Chief Engineer, Norfolk & Western Railway, Roanoke, Va.

L. D. Freeman, Chief Maintenance of Way Officer, Reading Company, Phila-

delphia, Pa.

South:

R. A. Kelso, Chief Engineer, Southern Railway System, Atlanta, Ga.

West:

W. S. AuTREY, Chief Engineer System, Atchison, Topeka & Santa Ee Railway,

Chicago

For Members of the 1971 Noniinating Committee:

East:

J. J. DwYER, Engineer Environmental Control, Chesapeake & Ohio Railway-

Baltimore & Ohio Railroad, Huntington, W. Va.

South:

D. S. Bechly, Assistant Chief Engineer Structures, Illinois Central Railroad,

Chicago

West:

F. E. Schneider, Assistant Engineer, Atchison, Topeka & Santa Fe Railway,

Chicago

Caruida:

R. L. Gray, Regional Engineer, Canadian National Railways, Toronto, Out.

At Large:

C. E. Stoecker, Engineer Planning and Design, Louisville & Nasliville Railroad,

Louisville, Ky.

' Under the i^rovisions of the Constitution, R. M. Brown advances automatically from
Junior Vice President to Senior Vice President.
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Address by President E. Q. Johnson*

It is the obligation and tlie privilege of your President to present a review of

the activities of your Association during the past year.

The many problems of the railroad industry during 1971 reflected upon the

activities of your Association, and your officers, directors and headquarters staff

were kept well occupied in meeting these problems. The principal challenges were

in the area of controlling Association costs, promoting membership, maintaining

member interest, and attempting to continue a high level of committee activity

consistent with the ability of members to attend meetings, and the limited capability

to conduct the research that some committees so badly need.

Your Association from a financial and membership standpoint has had a success-

ful year. Financially, our receipts exceeded our expenditures and our membership

now stands at 3341, an increase of 8 over a year ago. Our most capable Executive

Manager, E. W. Hodgkins, and Treasurer, A. B. Hillman, Jr., will report in more

detail on these matters.

Tlie enthusiastic response to the revised 1970 convention format, wherein com-

mittee reporting was streamlined and the emphasis placed on the presentation of

special features highlighting the general work of committees, along with a session

sponsored by the Engineering Division of the Association of American Railroads,

clearly indicated the desire of our members to continue such a format; and this

convention, as you have imdoubtedly noted, has been so arranged.

The major portion of this afternoon's session will present features specificallv

oriented to\\'ard the AAR and the activities of its Engineering Division, and I will

have the opportimity to dwell in more detail on the activities of that organization

at that time. All members of AREA and others registered into this convention are

most cordially invited to attend the Engineering Division session as well as the

AREA sessions.

Following a policy established in 1965, an AREA Regional Meeting was held

on October 20 in Toronto, Ont.—the first AREA Regional Meeting to be held in

Canada. Tliis meeting \\'as under the most capable direction of C. W. Wagner,

industrial engineering officer, Canadian National Railways, Montreal, Q'le., and a

director of the AREA. Local arrangements were handled by R. L. Gray, regional

engineer, Canadian National, Toronto. Members and guests attending totaled 219,

which compares favorably with the attendance at prior Regional Meetings and cer-

tainly attests to the excellent job of programming and organizing by the committee

in charge.

In line with our policy of a continuing review of committee functions and

activities, Comnu'ttee 7 has changed its name from "Wood Bridges and Trestles"

to "Timber Structines", Committee 11 from "Engineering and \'aluation Records"

to "Engineering Records and Property Accounting" and Committee 24 from "Coop-

erative Relations with Universities" to "Engineering Education". These committees,

along with your Board of Direction, feel that these new titles are more descriptive

of the scope of work being undertaken.

AREA has continued its cooperation with oilier related societies, particularly

with the American Society of Civil Engineers. Under the direction of C. T. Popnia,

chief engineering officer, Penn Central Transportation Company, and an AREA

' Chief Engineer Norfolk & Western Railway, Romoke, Va., now Assistant Cicncral Man-
iiRer, Maintenanco, Cniesapeake &• Oli'o Railway-Baltiniorc & Ohio Rai]ro:'d.
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director, the AREA sponsored one session at tlie 1970 ASCE National Meeting on

Transportation Engineering held in Boston, Mass., last July. The AREA-spousored
program ineluded talks by J. W. Diflenderfer, assistant vice president—special serv-

ices, Penn Central; Harold Wanaselja, chief of project management, New York

Metropolitan Transportation Authority; H. J. McNally, assistant vice president—real

estate, Penn Central, and R. K. Sloan, manager research for planning and construc-

tion, Directorate, Massachusetts Bay Transportation Authority.

During the past year, as in the past couple of years, a great deal of conunittee

effort was devoted to reviewing their chapter in the AREA Manual for Railway

Engineering and making or preparing to make revisions to update the material.

This effort includes organizing the revised material in the decimal format.

I would like to express the appreciation of our Association to ovu many good

friends in the supply industry here today for their cooperation during the past year

and their help in advancing the cause of the railroad industry and this Association,

and to our members for their efforts on behalf of AREA during the year.

In the interest of making this convention as meaningful as possible to all mem-
bers, your Board of Direction has requested REMSA to ask their meml^er com-
panies to keep the hospitality rooms closed during the periods we are holding our

business sessions, as well as during the period of the Annual Luncheon tomorrow.

The REMSA Board of Directors and various supply people have assured us that

they would be most happy to cooperate in this request. We haxe also requested

that our committees not schedule meetings during business sessions but schedule

them immediately prior to or following this convention, or at night.

Outwardly, it always appears that AREA conventions are smooth running affairs

and, indeed, they are; but this is accomplished only through a tremendous amount
of hard work on the part of many, many people. Our Arrangements Committee
handling this convention under the capable direction of its manager, Bruce Miller,

engineer—high speed ground transportation, Penn Central Transportation Company,
is doing its usual outstanding job, and I would like to express to all concerned my
deep personal appreciation.

To the ladies attending our convention, I extend very warm greetings from all

of us; you do, indeed, add a very lovely setting to this convention. I particularly

want to express appreciation to my wife, Betty, and especially to Ruth Hodgkins

and to the other ladies who have assisted her so capably in arranging and carrying

out the ladies program. It has been a most rewarding experience for Betty and me
to work together in our respective duties preparing for this very important occasion.

To the members, to the officers and directors, and to Earl Hodgkins and his

entire staff, I would like to extend my sincere appreciation for their outstanding

assistance to me during my tenure in office.



Remarks by Executive Manager Earl W. Hodgkins

President Johnson, Members, Guests, and Ladies:

It doesn't seem possible, but this is the seventh annual report that I have de-

livered to the membership of the American Railway Engineering Association as its

executive officer, executive manager and secretary.

My feelings about 1970 are mixed. The AREA, I feel, had an outstanding and

productive year. However, during the year, the Association lost one of its most

dedicated staff members, one whose 50 years of service on the staff is unparalleled,

so far as I know. I speak, of course, of Ed Gehrke, who retired on May 31, 1970,

at 65 years of age and who died very suddenly of a massive heart attack on No-

vember 5, 1970. I know I speak for my t\vo living predecessors, Walter Lacher

and Neal Howard, when I say that the Association and we personally have lost a

close friend and associate who had earned many happy and healthy years in his

retirement.

However, in spi"^e of this, it is a great pleasure for me to deliver this report

because of the highly successful year we have just completed. As President John-

son reported, in 1970 we re\'ersed the general trend of the past eight years of

decreasing membership \\'hen considered year by year. Only in 1967 did the Asso-

ciation experience an increase in membership, when it reached an all-time high of

3421 members. Furthennore, we have in the works at the present time about

twice as many applications as we have had for the last two years. You might be

interested in knowing that about 30 percent of AREA membership live within 500

miles of Chicago, and that our membership dues account for over 50 percent of

AREA operating funds. Another 30 percent comes from the sale of AREA publica-

tions, which remains at the very high level attained about five years ago.

Treasurer Hillman has just reported to you that we also finished calendar 1970

in the black—by nearly $5000. I assure you this is not an easy task when you

consider the inflationary forces acting on virtually all facets of AREA operations

and activities. For instance, our printing costs would have increased more than

60 percent in the past seven years had not economies and control procedures been

established to reduce the effect of these increases to a minimum. And, we all know

of the increases in postal rates in recent years and being talked about in Washing-

ton at the present time.

As President Johnson pointed out, three AREA committees changed their

names to more accurately reflect the thrust of their activity in today's technology,

and on Saturday the Board approved the request of Committee 16 to change its

name from "Economics of Railway Location and Operation" to "Economics of

Plant, Equipment and Operations" and changed the name of the "General Con-

vention Arrangements Committee" to "Convention Operating Committee."

As has previously been announced in the AREA News, the Association world-

renowned Manual is now known as the "AREA Manual for Railway Engineering

(Fixed Properties)". Although the contents are still recommended practices, the

new name emphasizes the engineering nature of the publication. In addition, the

November and December issues of the AREA Bulletin have been consolidated into

a single issue, as has the January and February issues, and the AREA News has

been placed on a quarterly basis. The purpose of these changes, as mentioned

before, are printing and mailing economies to offset the rai.ses in those items.

Membership on A1^E.\ technical coinmitfccs remains at a high lc\cl and those
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committees spoiisoriiij^ Manual eliapters continue to review them for updatinji and
addinjj pertinent and useful data and information, and to place them in the decimal

format. Prime examples are a completely revised Chapter 13—Environmental Engi-

neering, and Chapter 15—Steel Structures. Other chapters are in various stages of

revision.

By Board action, our comnn'ttec chairmen have been requested to hold only

two meetings during 1971, to the maximum extent possible and to hold tliose meet-

ings at central locations, taking into consideration the geographical distribution of

their active members.

There are a niunber of items of information in which most of you will be

interested:

1. For your information and guidance, the Board of Direction at its meeting

on Saturday approved all of the Manual Recommendations published in AREA
Bulletins 631 and 632, November-December 1970 and January-February 1971,

respectively, with only minor changes and editorial corrections.

2. The 1972 Convention will be held on Tuesday-Thursday, March 7-9, with

an exhibit sponsored by the Railway Engineering-Maintenance Suppliers Associa-

tion at the International Amphitheatre starting on Monday, the 6th. The AREA
Convention again will be held at the Sherman House,

3. The 1973 Convention has been switched from Monday-Wednesday, March
19-21, one week earlier—March 12-14. This is for the con\'enience of the Palmer

House in the scramble to book exhibits into the new McCormick Place.

4. The 1971 AREA Regional meeting has been scheduled for Thursday, October

21, at the Sheraton-Jefferson Hotel in St. Louis, Missouri. AREA Director Earl T
Franzen, Chief Engineer of the Missouri Pacific Railroad, is ramrodding this meet-

ing. I am sure he would be delighted to receive suggestions for program features,

in addition to the ones presently planned.

5. A feature of tliis Convention that was finalized too late to be included in

tlie Convention issue of the News is a series of Computer Demonstrations com-

mencing at four o'clock this afternoon and continuing more or less at the con-

venience of interested people through Wednesday afternoon. An IBM 1130 com-

puter system has been installed in Parlors "M" and "O" on the Mezzanine tlirough

the courtesy of the International Business Machines Corporation and tlie Penn

Central Transportation Company. The demonstrations are being sponsored by Com-
mittee 32—Systems Engineering, to augment its panel discussion on Tuesday after-

noon on "Practical Applications of Systems Engineering on Large and Small Rail-

roads." Announcements on the demonstrations have been placed on the several

registration tables.

6. The General Sessions of the Conxention on both Tuesday and Wednesday
will be held in the Bal Tabarin Room on the sixth floor of this hotel. The Annua]

Limcheon tomorrow will be held in this Grand Ballroom.

In railroad engineering and maintenance today, there are new problems and

challenges, and we urge you to support the AREA Board of Direction, the techni-

cal committees and the staff in helping our Association to uphold its long tradition

of achievement. The problems nuist be solved and the challenges met head on and

conquered to permit the railroad industry to successfully continue its service to on;

great nations and their people. This is the AREA's only reason for being and how
we help it to react, innovate and achieve will determine whether or not it will

have another 72 years of service to the railroad industry and the engineering

profession.



Safety in the 70's

By JOHN H. REED

Chairman

Notional Transportation Safety Board

I bring you greetings on belialf of the National Transportation Safety Board

and thank you for the honor and privilege of addressing the opening session of the

American Railway Engineering Association's 1971 annual meeting. After the very

pleasant visit from Ed Johnson and Earl Hodgkins last fall I found that there is a

noticeable similarity between the AREA and the Safety Board regarding their

objectives.

Of course, the visit f.om your president and executive manager was not the

Safety Board's first awareness of AREA. Two of our professional staff in the Rail-

road Safety Di\'ision are members of A.REA: Tom Styles, a member since 1961 and

Richard Peterson, a member since 1962.

We know that the objective of AREA, as stated in your constitution, is "the

advancement of knowledge pertaining to the scientific and economic location, con-

struction, operation, and maintenance of railways." The attainment of such an

objective can be realized only through the dedicated service of competent profes-

sionals. I believe the engineers in AREA are such people. I also believe that all of

you are as interested as the Board is in "Safety in the 70's."

It would not be a great surprise to me if some of you do not fully understand

what the Safety Board does. Even though the Board was created in 1966 by the

DOT Act I am not disturbed when asked, and rather frequently, too: What does

the National Transportation Safety Board do? Is it part of the Department of

Transportation? How does it relate to the Federal Railroad Administration?

It is gratifying to note that many more people now are beginning to under-

stand our mission. But I am always happy to explain ourselves—in this case, oiu"

railroad safety functions.

It might be useful first to quote from House Committee Report No. 1701,

which reported out the legislation creating the Department of Transportation, on the

"Role of the National Transportation Safety Board:"

"The Board's function in the process of the accident investigation is to provide
an independent tribunal which, unrestricted by departmental or other loyalty or

partiality, can examine the extent to which accident investigations fairly state the cir-

cumstances of an accident. In other words, the Board, with its independent status,

provides a mechanism whereby the record of accident investigation made by the

Department will be re\'iewed to determine the cause or probable cause of an acci-

dent. In carrying out this function the NTSB will be able to judge whether the

Department is functioning properly in enhancing and furthering transportation safety

tlirough the procedures, methods, and practices employed by components of the

Department."

Our relationships with F'RA are good considering that one of our primary func-

tions is to take a look at wliat they do and, on occasion, tell them how we think

they can do it better. Such advice, particularly when it is critical, does not have to

\)e given through clenched teeth. There need be no "safety generation gap. " Oiu'

intent, always, is that Safety Board criticism l)e con.structive evaluation.

Because FRA is responsible for Railroad Safety Regulations, it cannot be

expected to review with complete objectivity its own involvenu'nt in railroad acci-

dent acti\i(ies. Those who created the Safety Board felt that there should be an
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agency to take an independent look at rail systems, regulations, and operations.

WTiile all of these areas have not been regulated in the past, FRA now has tlie

authority to establish regulations in all areas of railroad safety.

Safety Board special studies or accident investigations are required to determine

whether FRA regulatory activities are effective and appropriate. To do this, the

Board nnist have its own resources, its own staff, and its independence. Only in this

way can the Board, with all possible objectivity, analyze the causes of accidents

and recommend actions to prevent recurrences.

In making recommendations, the Board bears some resemblance to the AREA.
I notice that your constitution states: "The conclusions adopted by the Association

shall be recommendatory." The Board's safety recommendations, accident reports,

and special studies independently point out what might be wrong widi the results

achieved by railroad operators and the FRA, and what could be done more effec-

tively. Our safety recommendations are not mandatory but, by law, they must be

made public. We have no regulatory or enforcement authority. We desire none.

In short, we depend on sound, practical publicly stated recommendations to prompt
others to take corrective safety actions.

The Board also always has felt that its role, in addition to investigation, is one

of stimulating and encouraging others to do the safety jobs which need to be done.

We accomplish one of our prime objectives when we con\'ince or prompt some other

organization—governmental or private—to imdertake the specific accident preven-

tion task we may have identified.

I must stress the uniquely objective status of the Board's investigators. They
are not organizationally aligned with their counterparts who promulgate or enforce

regulations. Consequently, our investigators enjoy open communications with mem-
bers of the transportation industry.

In addition to deriving accident prevention recommendations from our inves-

tigations, we conduct special studies where safety improvements might be found.

These special studies may or may not be clearly separate from our continuing acci-

dent investigation work; they may be outgrowths of those investigations. Almost

constantly, the FRA is furnishing us with information from its accident investiga-

tions which is useful in our special studies. Because of our small staff, the number
of special railroad safety study reports necessarily has been limited.

There is plenty of room for all accident prevention activities. It is quite

appropriate for the FRA and others in the Department to conduct accident preven-

tion activities. Similarly, in carrying out vast and exceedingly complex transportation

programs, the Department and the FRA must make policy decisions—set standards

—write regulations and conduct enforcement activities—all these with proper con-

sideration of a broad range of criteria—transportation service, system capabilities,

economics, environment, public comfort.

The Safety Board's entire orientation and primary consideration, on the other

hand, is safety—always remembering, however, that our recommendations must be

reasonable and sound to be accepted. Our function in the accident prevention area,

then, is to determine how safety can be enhanced without altogether disrupting the

broader Federal transportation policies which are the proper province of the

Department.

In a sense, the Board serves as a catalyst to the DOT. The Board presses for

correction of evident errors and for new or redirected safety efforts. As a part of

such activities. FRA safety regulation necessarily is involved. However, in a number
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of its accident in\e.stigations, the Board has directed its recommendations outside

of the DOT. Some recommendations have been made to the management of trans-

portation industries, urging assessment of adnn"nistrati\'e, operational, and training

procedures as they affect safety. Some recommendations have been directed to Fed-

eral agencies outside DOT. Some have been sent to State governments.

The Board's unique organizational independence makes possible a freer

exchange of communications on safety matters with all participants in the railroad

safety effort. Many agencies and indixiduals have contributions to make in defining

and controlling railroad hazards—manufacturers, railroads, trade associations, operat-

ing and maintenance personnel, as well as Federal and some State agencies. It is a

complex interaction.

The Safety Board, in a coordinating role, can and does originate and facilitate

a greater exchange of accident prevention information. This communication channel

is free of the constraints of regulatory power, enforcement authority, or economic

or operational sanctions. We believe this permits the greatest possible attention to

railroad safety by those in the industry and, in turn, helps the Board fulfill its

responsibility to exercise continuing vigilance of the status of transportation safety

and to report to the Congress annually.

In its short life the Safety Board has delved into many areas of railroad safety

in its in\estigations of railroad accidents. The first was the stubborn problem of

collisions at grade crossings.

At a grade crossing in Everett, Mass., in December 1966, a railway diesel car

with 28 passengers and a crew of three struck a stalled fuel-oil truck which ruptured

on impact, covering the head end of the car with flaming oil. Eleven passengers

and two crew members died from burns and smoke inhalation because they could

not get out of an inward-swinging door that was jammed closed by persons

attempting to escape.

At Sacramento, Calif., on February 22, 1967, a man with his wife and seven

children drove his station wagon past flashing red lights into the path of a fast

freight train. Tlie station wagon was demolished and all its occupants were killed.

More recently, just 90 miles south of here, in January 1970, a local gasoline

delivery truck drove past an operating crossing warning device and was struck by

a 79-mph passenger train. The tank ruptured and enveloped the locomotive in burn-

ing gasoline. The truck driver and three men in the locomotive cab were burned

fatally.

These are only three of the more than 14.000 grade crossing accidents which

killed more than 6,000 persons in the last four years. In spite of the slidit improve-

ment during the past four years, grade crossing accidents will accoimt for irore than

65% of all railroad casualties. The Safety Board recognizes that it is not feasible to

separate the grades at all rail-highway crossings. However, we believe that much

can be done to sharpen the downward trend in the number of grade crossing

fatalities.

In the past the Safety Board has made a number of grade crossing recommen-

dations. They ranged from improved gates and warning de\ices to a reconunenda-

tion that law enforcement officers consider adequate enforcement at grade crossings

to be as important as at highway intersections. Have you ever noticed that a motorist

will stop for an isolated highway traffic signal at two o'clock in the morning when

no one is around, but will disregard a railroad crossing warning sign under the same

circumstances?
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TIk' ['"c'deral Railroad Safety Act of 1970 iccojini/cs the Kiadt- crossing problem

and refiuires llial tlic Secretary transmit to the Congress within one year from

October 16, 1970, a comprehensive study of the problem of eliminating and pro-

tecting railroad grade crossings. This Act also reqnires the Secretary, within prac-

tical limits, to undertake a coordinated edort toward dexcloping and implementing

solutions to the grade crossing problem.

The same section of the Act also recognizes the major source of fatalities from

purely railroad operations. The largest loss of human life associated with railroad

operations occurs in grade-crossing accident.s—the joint effect of two modes of

transportation. If we consider the railroad transportation mode only, pedestrians

on the railroad rights-of-way are the major source of fatalities. Typically, about

two-thirds of the total fatalities—excluding those at grade crossings—are persons

struck by trains while walking, running, sitting, or otherwise being on the track or

right-of-way. The railroad pedestrian fatality problem is, in perspective, more severe

than all the remaining sources of fatality under railroad control, and much more

severe than the fatality losses being inciured in commercial aviation. These accumu-

lations of railroad pedestrian fatalities usually occur one or two at a time at scat-

tered locations. They recei\'e far less public attention than the more .spectacular

aviation accidents.

During the week of April 6, 1970, three boys, aged 10 to 11 years, were killed

by a high-speed Metroliner while apparently playing on a trestle over a creek north

of Wilmington, Del. Examination of the site revealed an area that is especially

attractive to youngsters—wide open spaces to run and play, trestles from which to

drop stones into the water, and oceangoing ships moving up and down the Dela-

ware River just beyond the tracks. There was no fencing, no warning signs, and

only occasional surveillance by either local or railroad police. During that same

week three otlier boys were killed on two different railroads in the Philadelphia-

Wilmington area. Six boys in one week—part of a total of 475 to 500 pedestrians

killed on the railroads every year! Certainly something can be done to improve this

situation, particularly in areas of high-speed train serxice.

Still with us is the problem of handling by rail the hazardous materials which

have been increasing both in num!)er and in total volume. About two years ago we
became aware of a phenomenon in railroad accidents involving hazardous materials

—a new safety problem that was receiving little attention. The Board investigated

a derailment at Laurel, Miss, where 15 tank cars of propane were involved in fires

and explosions resulting from the initial derailment. For about 40 minutes after the

derailment there were continued explosions which set fire to many dwellings and

did extensive damage by concussion. Pieces of tank cars ranging in size from small

parts up to three-fourths of a 30,()00-gal tank were hurled up to 1,600 ft from the

wreck. These large pieces of tank literally rocketed o\er long distances, leaxing

trails of fiery destruction.

Fifty-four residences were substantially destroyed and over 1,350 residences

suffered some degree of damage. Several local businesses were totally destroyed or

badly damaged. Six public schools and five churches were damaged. There have

been a number of serious accidents invoKing hazardous materials since Laurel, the

latest at Crescent City, 111., last June.

The Safety Board has made a number of recommendations to the industry, to

the manufacturers and shippers, and to government agencies, aimed at safer trans-

liortation of hazardous materials by rail. The latest of these recommendations was
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to the Federal Raihoad Adininistratiou iiruing a regulation restricting the speed

of tank cars carrying over 25,000 gal of liciuefied flammable gasses through densely

populated areas. This is intended as an interim action. Hopefully, a better permanent

solution will be disco\'ered which will allow both safe and high-speed transportation

of these hazardous commodities.

Derailments due to defectixe or improper maintenance of way and structures

continue at a high rate. Track is such a basic and integral part of the railroad opera-

tion that often it is in\'ol\ed in derailments as a contributing causal factor even

though it is not the primary cause. It is encouraging to see some proposals for

study of train and track as a system.

We feel that tlie railroad industry needs a set of realistic, enforceable, objective

standards for track maintenance. In the early days of the Safety Board we thought

that the industry should establish and enforce these rules. But the number of train

accidents continued to increase until legislation was passed giving the Secretary

authority to do this. We felt—and still feel—that the expertise in the maintenance

of way and structures is concentrated in the members of the AREA.

I see that my good friend, Mr. Mac E. Rogers, director of the Bureau of Rail-

road Safety of the Federal Railroad Administration, will speak in some detail about

the Federal Railroad Safety Act of 1970. Therefore, I'll not belabor the point.

I will say, howexer, that the development, promulgation, and enforcement of

Federal regulations covering track represents a unique opportunity for professional

engineers such as you to see that the regulations are truly practical, objective stand-

ards which will lead to an efficient railroad system. A system cannot be efficient

without being safe!

There is much to be done in railroad safety. Let's start with these:

1. Reduce the opportunities for accidents at grade crossings.

2. Eliminate needless fatalities to so-called trespassers, most of whom are

pedestrians.

3. ProN'ide safe, efficient rail transportation of hazardous materials.

4. Prox'ide track and structures that will support safely the transportation

of all loads oftered.

We at the Safety Board are very much aware of the distressing financial condi-

tion of some of the carriers and of the railroad industry in general. We feel, how-

ever, that we are entering an era in which the railroad industry and government

will achie\e unprecedented cooperation in soKing some of the ills of a badly needed

industry. But this will recjuire the dedication of professionals such as you.

As I have explained, the Safety Board does not limit its mission solely to sifting

through accident wreckage to the exclusion of seeking out safety lessons. Such les-

sons, which might be applied before an accident, can be awaiting discovery as a

result of other related safety activities, from our own files and records, or from the

files, records or experiences of others. We need—and earnestly invite—the help of

the AREA and, indeed, the entire railroad industry.

We believe we have certain skills and attitudes which place the Board in a

vital role in the railroad safety system. Accident investigation combined with general

studies can be effective in preventing accidents.
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To this end, I closed a recent speedi with a few lines winch we all might well

consider as our creed for safety in the 70's. I quote:

"To look is one thing,

To see what you look at is another.

To understand what you see is a third,

To learn from what you understand is still souiething else,

But to act on what you learn is all that really matters."

(McNair)

Collisions and Derailments Involving Dangerous Articles

72-633-

J

By EUGENE R. SCHLAF

Superintendent of Fire Prevention

Illinois Central Railroad

When Earl Hodgkins invited me to appear on this program, I didn't hesitate

for a moment to accept, because I feel that all of us should know as much as pos-

sible about the behavior of hazardous chemicals when involved in derailment spills

and fires. Furthermore, I consider it a great honor to appear on the same program

with these illustrious gentlemen. I overheard one fellow in the audience saying to

another, "I don't know if this guy is any good, but there sure is a hell of a lot of

him." I may have height, but the other speakers have stature, and that's what counts.

In order to set your mind at ease, I will confine this discussion to tlie effects

of derailments, rather than their causes. The slides and film clips you will see were

taken on our railroad and other railroads. The purpose is to show the problems

with which you may be faced and perhaps some of the solutions.

When a hazardous spill occurs, you ought to know, among other things, if the

product is toxic or non-toxic, flammable or non-flammable, reactive or non-reactive,

and whether the vapors are lighter or heavier than air. You should know what to do

and what not to do in case of fire. Sometimes the products of combustion are toxic

while the lading is fairly non-toxic. An example is vinyl chloride. On the other hand,

hydrocyanic acid is quite the reverse.

Sound confusing? It is, unless you have some sort of ready reference at hand.

You could not possibly memorize all the do's and don'ts for each chemical without

such a reference. Fortunately there are many reference sources. The AAR Bureau

of Explosives has for many years published its Pamphlet 7 which contains general

infonnation relating to explosives and other dangerous articles. The cost is $2.00.

Last year the Bureau published Pamphlet 7A entitled "Dangerous Articles Emer-

gency Guide." It gives specific information on all commodities listed in Paragraph

172 of the Tariff. A few commodities were puiposely omitted because they do not

present a hazard different from ordinary materials under accident conditions, or else

because they are shipped in such limited quantities that the method of packing

reduces the hazard to a minimum. Certain items (such as sulfur) are included

because they are so susceptible to ignition from external sources that fires in the

course of their transportation are relatively frequent. The cost of this pamphlet

ranges from $2.00 to $3.00 per copy, depending on quantity purchased.

The Bureau's Pamphlet 22 entitled "Handling Collisions and Derailments

Involving Explosives, Gasoline and Other Dangerous Articles" should be text book

material for all concerned with derailment spills—fire departments, police, civil

defense, environmental protection agencies, division superintendents, division engi-
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neers, traimiiasteis, master mechanics, wrecker foremen, and freight claim preven-

tion men. Some of the items listed in the index are:

Tank Cars in Tunnels

Poison Gas

Radioactive Materials—Poisons—Class D
Hydrocyanic Acid

The cost of Pamphlet 22 is $1.50. The Bureau publishes many other pamphlets,

but the ones I have given are those of greatest interest to you.

The Manufacturing Chemists Association has published its Chem-Card Manual

which is excellent for the 85 chemicals listed. The cost is $1.00. The National

Safet>' Council sells a pocket chemical slide rule for $1.00 each in lots of 100 or

more. The Railway Systems and Management Association has published a similar

slide rule entitled "Chemical Transportation Safety Index" listing more chemicals and

costing $3.00 each in quantity lots. In the development stage is its "Commodity

Safety System" which will be designed to bring together at one point the informa-

tion required to intelligently manage disasters involving hazardous materials, includ-

ing a computerized safety information retrieval system.

The National Fire Protection Association's "Fire Protection Guide on Hazardous

Materials" costs $5.50 and is wortli every penny of it. It is really five books in one.

It lists the properties of flammable liquids and hazardous materials. It gives a list

of some, but by no means all, of hazardous chemical reactions. It also features a

diamond marking system which enables you at a glance to note its health hazard,

its flammability hazard, its reactivity hazard and whether water may be safely

applied. The fire services want this information on our car placards, but under fire

conditions, it would be impractical. We recommend that until you know what is in

the car, stay away from the car. The waybill in the caboose will give the description

of die chemical, and the firefighter can then refer to the diamond system in his

own NFPA guide.

If you acquire this literature, you will not become an instant expert, any more

than buying a cookbook will make you an instant chef. Reference is made to such

terms as "flash point," "explosive range," and "ignition temperature." What is

"flash point?" It is the temperature at which a flammable liqmd begins to gixe ofl^

ignitable vapors. The higher the flash point, tlie safer the liquid. Gasoline, having

a flash point 50 deg or so below zero is always giving off dangerous vapors. Lube
oil and cottonseed oil have high flash points, but will burn with great intensity

under proper conditions.

"Explosive range," or flammable limits, is the percentage of flanunable vapors

in air that will ignite. If confined, an explosion results if the proper amount of heat

is added. Even gasoline will not explode in the engine of your car if the carburetor

floods, making the mixture too rich to burn. Wlien an empty tank car last contain-

ing a flammable liquid ruptures at a derailment, the vapors witiiin the tank may
be too rich to burn. However, if the hole in the tank is near the ground, sufficient

vapors may leave the tank and be replaced with air to form an explosive mixture

in it. A welder's spark traveling into or by the opening may cause a terrific explosion.

A combustible gas indicator, in experienced hands, can do nmch to head ofl^ trouble

of this nature.

The presence of toxic quantities of some commodities is not indicated by the

combustible gas indicator. For example, hydrocyanic acid is absorbed through tlie
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skin in concvn trillions iil)o\e 100 ppm, which is way below its lower e.\plosi\c limit

of 6%. Furtiicrniore, it does not have a strong?, telltale odor like anhydrons ammonia.

In the case of the latter, >()ii simply cannot voltnitaiiltj stay in an ammonia atmos-

phere that will be permanently harmful to you. The least detectable odor of annnonia

is 50 ppm, which you can tolerate for an 8-hour working exposure. A concentration

of /2 to 1% is rapidly fatal for an unproteeted worker. Anhydrous annnonia will burn

within a concentration of 16-25% with an ignition temperature of a high 1204 F.

Because of this, it is classified as a non-flannnable compressed gas. Although its

vapor is only 60% the weight of air, you would naturally conclude that it would rise

upon release. However it has such a high affinity for water, it will seek out any

moisture in the air, or on your skin or in yom- eyes or lungs to form anunonium

hydroxide, a caustic liquid. Liquid anhydrous annnonia can burn by freezing; if some

is spilled on the skin, you will also suffer frostbite since its boiling point is 28 deg

below zero.

Right about now, you're hoping that others at a derailment are aware of tlie

hazards involved and will take the necessary precautionary measures. The most

comforting sight I can see at a derailment involving hazardous commodities is a

Bureau of Explosives inspector. These men are on 24 hour call and do a fantastic

job of getting to the scene quickly. I recall one instance where the response was

so fast, the inspector must have broken the highway speed limits. In checking it

out, I found that he sped just enough to attract a speed cop, and, after explaining

the situation, he got an escort at still higher speeds. These inspectors help the

division superintendent in many ways, while conducting their own investigation

as to whether there were any violations of the tariff.

We have found that the shipper has been very responsi\'e to our calls for

assistance. Many times two of their representatives will fly in from different parts

of the country. "Go teams" arrange for transport trucks and transfer equipment.

We have found that fire departments, civil defense groups, police, and even

environmental protection agencies are interested in learning more about their role

in case of chemical spills. They have appealed to us for help.

Alan S. Boyd [President of the Illinois Central Railroad], formerly head of the

DOT, has arranged for the distribution of appropriate literature to the hundreds of

fire departments serving the IC. In addition, we offer instruction to fire schools at

local, coimty, and state levels. The sessions are from 30 minutes to 30 hours in

length. We augment the "book learning" with authoritative films such as "Handling

LP-Gas Emergencies," and "Tank Vehicle Fire Fighting," and slides of actual

derailments involving vinyl chloride, propane, anhydrous ammonia and other

chemicals.

Our audio-visual services department has i^ublished a fire film list containing

30 fire training films. These are offered at no cost to fire departments, industrial

fire brigades, civil defense and other organizations along oin- line. The demand for

our films has been so great that some duplicate prints have been purchased. If any

of you would like to preview any of them, widi the view of possible purchase, it

probably could be arranged on an open date basis. A supply of the lists is on a

table at the rear of the room.

If any of you would like to attend or be represented at one of the state fire

schools this year, you would be most welcome. Schools are scheduled in Kentucky,

Mississippi, Tennessee, Louisiana in one or more sessions. You may contact me
later for locations and dates if you are interested.

And now for the slides [none of which is reproduced herein].
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By JOHN P. FISHWICK

President and Chief Executive Officer

Norfolk & Western Railway

I was pleased to accept your invitation to take part in this program. Any

organization in this country that is older than most of its members is a unique group.

This is the 70th Annual Convention of tlie AREA. Your roots extend back to the

19th Century and today we look ahead as a matter of course to the 21st Century.

I have looked forward to this session because I have hoped that the thoughts of a

non-engineer about some of our problems might be of interest to you who make

engineering a profession. The field of engineering has been at the core of railroad

progress for more than a century and we know that its contributions in the future

will be just as necessary and just as vital.

I do not have to tell you that our industry is in peril. Even those not immersed

in the day-to-day work of railroading know from the newspapers and from television

that the railroad industry is walking a tightrope of solvency. Nor do I have to

describe tlie lag in our national economy and continuing inflation. These trends

combine to produce the most dangerous times for railroads they have yet seen. Our

ancient problems of regulation, inadequate rates and tax inequities have merged

with rampant inflation and declining traffic to produce an economic vise that is well

on its way to destroying the \'iability of America's railroads.

AH these factors have also affected the many phases of engineering work on

every railroad. For the past 12 years tie and rail installations have remained at low

levels despite the fact that we have purchased longer and heavier cars and are

operating heavier trains. Our rates have not risen as quickly as our costs and we
ha\e not been able to make up the difference with increased volume. And we have

been forced to maintain tliousands of miles of branch lines and many other losing

ser\"ices, including passenger operations.

Declining revenues and inflation have a devastating effect on every aspect of

engineering. Basic standards are difficult to maintain; grade and line improvement

projects must be postponed; and the economic feasibility of such things as traffic

control additions becomes questionable when costs are vastly increased. The ripple

effect of continuously postponed and cancelled maintenance and improvement

projects touches our business, finally, where it hurts us worst: our ability to provide

a competitive service.

Fortunately, the catalogue of problems must also include our prospects and

the steps we are taking to help solve them. For the industry as a whole both the

legislative and regulatory climate is slowly improving as the scope of our problems

is recognized. The passage of the Railpax measure plus tlie prospects for passage

of other bills which would help equalize treatment of railroads vis-a-vis other

modes are encouraging signs. If these trends continue, tliere is the prospect that

we can concentrate increasingly on essential and profitable ser\'ice. And for the

long run the economy should continue to grow and the rail industry's share should

grow with it.

As Lord Keynes said, however, in the long iiin we are all dead. And in any

case, if our industry cannot impro\e itself in the short run, the long run may well

be academic. So, let us look at the short run.
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There are three general areas in which action is needed. One of these, tlie

generation of cash, requires legislative action and administrative approval. The other

two, control of costs and inipro\ ing efficiency, can be undertaken within our com-

panies at our own initiative. This is particularly true in our engineering departments.

The most logical source for the infusion of cash ,so badly needed is a rate

increase. The industry is attempting to secure approval of a 1% increase, or the

difference between the 15% we refjuested last fall and the 8% subsequently granted.

The generation of cash also includes the elimination of cash drains. In this category

are legislation such as the recently passed Railpax bill, proposals to establish a

government-owned freight car pool and pending bills on ensuring equitable state

and local taxes.

While more cash is urgently required by many railroads, all railroads, I believe,

must be constantly at work on the problems of cost control, research and develop-

ment and innovation. Cost control includes the use of the computer to monitor

purchase and use of materials. Welded rail and vapor-dried ties are the products

of research and development. All of these are steps forward, but we have not

moved far enough.

It is true that maintenance of way has shown great pro'iress in past years,

possibly more than anv other department of most railroads. There has been a

dramatic reduction in the number of maintenance of way employees, from 177.000

in 1956 to 94,000 last year, for example. Productivity has clearly increased. Yet

despite this, the railroads are still .spending as much as ever in maintenance of way.

And, of course, we still have huge amounts of deferred maintenance.

We still lay only one mile of rail per day with the average rail gang although

the number of men has been reduced from about 125 prior to mechanization to

about 65 to 70 today. On the average, a tie gang lays about four times as man\-

ties per man-hour now as it did prior to mechanization in 1950—1.25 ties per man
per hour 20 years ago and about 4.6 now^ We are assuming these gangs are work-

ing under detour and have an uninterrupted shot at a day's work. But we have

barely kept pace with costs.

In addition, each railroad has its own pet standards for fittings, sizes, gauges

and types of track equipment. On the Norfolk & Western for track maintenance

alone, we carry an inventory of .3,930 different items. These include six types of ties

in 189 sizes, 24 items of ballast material, 243 different bolts, screws and spikes,

64 types of rail anchors, clamps and strips and 26 types of frogs, turnouts, pads and

plates in a total of 3,002 items. Much of this is seldom used. Much has been

unchanged in design for a century, and some of it is installed in the same way it

was decades ago.

In the same way, there has been a lack of coordination and conununication

between our sales and marketing people and our engineers. Many of the larger cars

are too large for the track facilities. Their centers of gravity are too high and the

loads are often too heavy. One result has been more and bigger derailments. The
challenge before both management and engineers now is to see the forest instead

of the trees. We need to look at the railroad and its work as a system of interre-

lated parts and jobs rather than a series of rigidly compartmented pigeon holes.

In track maintenance, we need new thinking not on how we do things, but on what

we do. Railroads cannot afford to spend a larger portion of their re\'enues on track.

Engineers, therefore, must come up with better track for less money. An obvious

beginning would be to reduce the variety of anchors, ties and fittings now used
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in the industry. Specifications for turnouts and loconiotixcs and cais can he more

standardized, at some sacrifice in pride and trachtion perhaps, hut also at great

savings in dolhirs. Beyond inventory and maintenance work methods, there are

other areas of cost control which can be applied in all departments.

Last January 1, we began a Responsibility Accounting System which enables us

to go a step beyond normal ICC reporting procedures and pinpoint the responsi-

bility for expenditures, especially in our mechanical and engineering departments.

We believe this system will enable us to determine the unit costs of our mainte-

nance program work both in the shoj) and on the rights-of-way.

Other areas for savings are a rechiction in trackage of little-used branch lines

that are uneconomical to operate and elimination of track or reduced maintenance

on track which has been duplicated through merger or traffic diversion through

trackage-rights agreements.

No area of railroading should be immune from a new look at costs. Last Decem-

ber on tire Norfolk & Western we found that more than 5,000 reports were being

prepared monthly. Our paper bill was $2.5 million a year for reports alone, and

one form prepared daily by our computer ran to 3,000 pages. After a comprehensive

campaign, we have eliminated 10% of the regular reports prepared and 25% of those

received.

In the Engineering Department we eliminated 16% of the reports used, but

this was second-rate compared to the work of oiu- Auditor of Station Accounts.

Through his studies and efforts, we will eliminate completely 2.6 million pages of

computer output on an annual basis. We will do away with another million sheets

through the use of a special camera. These 3.6 million sheets represent a 68% reduc-

tion in the volume of computer reports received by our Station Accounts Department.

No cost-control program will be effective, however, unless every responsible

employee is cost conscious. I'his is particularly so in our industry where many
people who are vital to the cost control effort are isolated in widely spread

geographical areas.

I am suggesting diat, while this is a dark hour for the railroads, there is great

potential in the efforts we ourselves can make to improve our revenues, our efficiency

and control our costs. In many areas, especially in the use of facilities and equip-

ment, railroads have been very wasteful in years gone by. Far more intensive use

will be required in the future. We need to devise systems that will increase the

utility of maintenance of way machines and similar equipment by the same multiple

we are seeking for freight cars. Where the freight car now moves only 10,000 to

20,000 miles per year, a competing truck travels 100,000 miles per year. Some way
nuist be found to close that gap. These are matters that do not require filing of

motions or liearings in Washington. This can be an intra-industry endeaNor. Because

our companies are almost identical in organization and scope of work, ideas and

programs that work on one railroad will usually work as well on another. We should

maintain, dierefore, a continuous cross-fertilization of these ideas and practices.

Beyond the immediate benefits of helping ourselves, the knowledge that we are not

depending solely on outside assistance cannot help but make our requests for such

outside help more convincing and more probable of success.
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Development of a Highway—Railroad Grade
Crossing Protection Program

72-633-2

By HAROLD L. MICHAEL*

INTRODUCTION

Minimization of rail-highway grade crossing accidents has been an oljjective

of highway and railroad officials and the public for many years. Many efforts have

been directed toward the development of new legislation, toward stricter enforce-

ment of traffic regulations at rail-highway grade crossings, toward the education of

drivers as to the dangers existing at such crossings, toward the degree of responsi-

bility which dri\'ers must assume, and toward increased engineering application of

standard means of protection at grade crossings. In addition much research on new

techniques for impro\ ed grade crossing safety has developed.

The problem of accidents at rail-highway grade crossings is a dramatic one

in the public eye because of the severity of accidents between a train and a vehicle.

Although less than 1% of all traffic accidents occur at grade crossings, these accidents

account for approximately 3% of all highway deaths. Although this is not a large

percentage, the high probability of a fatality or even destruction of an entire family

in such an accident often results in localized public arousal which creates tremendous

difficulties for the railroad and highway officials responsible for grade crossing safety

or an overall highway safety program. In the atmosphere of emotional tension and

sympathetic public pressure which typically follows a fatal accident at a grade

crossing, the decision as to safety improvements is often not wisely made unless

the agencies with responsibility for the crossing have a complete and carefully

documented crossing protection program. The safety official with such a program

can recommend impro\'ements which will be of the greatest benefit, and he can

achieve his objecti\e of maximizing benefit with the money available. The official

without such a program will be forced to fund improvements that do not provide

optimiun benefits.

NATURE OF THE PROBLEM

The development of a sound grade crossing safety program must recognize

the nature of the problem and the several difficulties associated with analyses of it.

Much research on many of these difficulties has been conducted in the past several

decades and many aspects of the problems are becoming clearer each year. Several

such basic conditions generally recognized today are as follows:

1. For good reasons, the train must be accorded the right-of-way at highway-

railroad grade crossings.

2. The typical motor vehicle operator lias little respect for the dangers at a

grade crossing and makes very little or no effort in deternuning the

proximity of a train.

" Associate director, joint llitihwav Research Proiect, Piirilne University, and iliairinan.

Subcommittee on "Merits of Various Types of HiHh\vay-Rail\va\ Grade Orossiny Protection,"

Committee 9—ni«h%vays, An-eri ;;n R ilw:".- En-iineerinji Association.

Note—Discussion open until October 1.5, 1971
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3. Tin- ficqiK'iicy of tiain-iiuolxed accidents at a grade crossing is small,

making statistical analysis and prediction of such accidents difficult.

4. The factors which affect the numher of accidents at a grade crossing are

many, but the major ones are usually daily traffic volume on the highway,

the daily train volume and the type of grade crossing protection.

5. The relative protection offered by the several types of grade crossing pro-

tection devices is as follows (expressed as hazard values):

Crossbuck 1.00

Stop Signs 0..5-0.6

Flashing Lights 0.2-0.4

Automatic Gates 0.1-0.2

6. Sufficient funds will be available annually to impro\'e the protection at

only a fraction of the existing crossings.

The acceptance of the first of the above conditions is unixersal—every driver

understands the train has the right-of-way. Understanding of the second condition,

the fact that most drivers have little respect for the dangers at grade crossings, is not

as clear. Most of us recognize the truth of the fact, but many of us are still willing

to accept it as a sound reason for grade crossing accidents. The result is that we do

not include due consideration of it in our safety programs. As this lack of respect

for the danger is a characteristic of many motorists, the safety official must aggres-

sively seek means of bringing to the motorist's attention with more certainty knowl-

edge about approaching trains. "He never saw the train until it was too late even

though all warning devices were working perfectly" is not a good reason for an

accident.

The third condition listed, the low frecjuency of train-invohed accidents, is

clearly documented in much research. Annually about 14,000 such accidents occur

at over 220,000 grade crossings ( 15 ) . Obviously many crossings will be accident-

free for 10 or more years. This low frequency rate makes it very difficult to analyze

statistically the effectiveness of protection devices.

As pointed out by numerous researchers (8, 9), the reduction of accidents at a

"high" accident location during the first year or years after installation of a new
protective device could well be just a matter of chance. In order to make a sound

statistical statement it would be desirable for a crossing to have a substantial num-
ber of accidents, say 20 or more, in a year, but obviously the official would not

want to, nor should he, wait for such a rate to occur before making improvements.

As a result of the low level of "occurrences" and the vast number of factors

contributing to such accidents—factors related to the vehicle, to the environment

and to the human operator—no predictive equation can claim to explain a large

portion of the variability in the accident numbers at grade crossings. This variability

combined with a typically inadequate data base makes it very understandable that

a completely accepted riuantitative method of accident prediction has not been

developed to date.

IMPORTANT FACTORS AFFECTING GRADE CROSSING HAZARD

Nevertheless, conclusions of research generally agree that the three major con-

tributing variables in a hazard rating or accident predicting equation are the average

daily traffic on the highway (V), the number of trains per day (T), and the type

of protection at the crossing (P). Other factors which some have found to con-
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tribute to hazard at a crossing are numerous and include sight distance, develop-

ment near the crossing, number of tracks, etc. Many hazard index formulas have

been developed and are being used. Considerable research indicates that most if not

all of them will provide similar relative ratings for a group of grade crossings (1, 2).

Hence, complete agreement on one hazard formula is not absolutely essential to

detennining die relative hazard of all crossings which are the responsibility of a

railroad or highway official. All that is necessary is for the official to use one of the

several such models \\hich have been developed and are being used. One often

used (1) is

HI = VTP

where

HI = hazard index

V =^ average 24-hour daily traffic (AADT

)

r = average 24-hour train volume

P = protection factor ( expressed as a hazard value

)

SAFETY MERITS OF PROTECTION DEVICES

Four major types of grade crossing protection are used: the standard crossbuck,

stop signs, flashing lights and flashing lights with automatic gates. The first two of

these types are passive in nature and only warn the motorist of the location of a

railroad crossing. The latter two are active and in addition to providing warning

of the location of the crossing, attempt to tell the motorist of the absence or presence

of a train in or approaching the crossing.

It is clear that die types of active protection provide greater protection to the

motorist than the passive types. Aldiough exact agreement as to the relative value

afforded to the motorist by each of the four types of protection does not exist, most

research studies agree that if the hazard value of crossbuck protection is unit value

of 1.00, the relative hazard value of each of the four types is as follows (1,15):

Crossbuck 1.00

Stop Signs 0.5-0.6

Flashing Lights 0.2-0.4

Automatic Gates 0.1-0.2

Much disagreement, however, exists relative to the use of stop signs at railroad-

highway grade crossings. Although they are more efl^ective in reducing train-involved

accidents than just the crossbuck, they result in much delay to motorists, an increase

in rear-end vehicular accidents on high volume roads, and are claimed by many to

result in increasing disrespect for the stop-sign method of vehicular control. If one

places a value on the time lost by motorists in stopping at stop-sign-controlled

grade crossings, very few grade crossings would warrant this type of control (16).

The type of protection to be installed at a crossing, however, should not be

based solely on the probability of accident reduction. The costs of installation and

maintenance of flashing lights and automatic gates are considerable and limited

funds are available for upgrading crossing protection. The.se facts require that a

decision to change the type of protection at a railroad highway grade crossing must

l>e based on a total analysis of the economics of such an action. Such an analysis

requires an estimation of the benefits to be expected from the improvement and an

evaluation of the costs of installing and maintaining the higher types of protection.
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BENEFITS AND COSTS OF A GRADE CROSSING PROGRAM

The major In'iK'fits from a yradc crossing saft-ty program are usually a reduc-

tion in the costs associated with accidents at crossings where improvements are

made. The costs of such a program are the costs of construction, operation and

maintenance of the devices installed and the costs of possible increased vehicular

delays. Evaluation of the costs as an annual rate are straightforward and data for

such a determination can be readily collected or determined. Evaluating the costs

of accidents, however, is a more difficult and contr()\'ersial subject. Cost allocation

in fatality accidents is especially difficult becau.se of human and social losses to

which it i,s difficult to assign a satisfactory dollar value.

The two basic accident cost groupings are direct, or out-of-pocket costs, and

indirect costs. Direct costs are the money value of damage to property; temporary

wage losses; hospitalization; services of physicians, dentists, and nurses; ambulance

use; medicine; damages awarded in excess of other direct costs; attorneys services;

court fees; and other lesser items. Indirect costs may include loss of future earnings

as a result of injuries causing death or permanent disability, overhead cost of motor

vehicle accident insurance, property damage indirectly incurred from an accident,

illness or death of a person not involved in an accident but traceable to one, public

aid for care of indigent persons injured in motor vehicle accidents, and some of the

expenditures for driver training and other accident pre\'ention activities.

As might be expected, agreement does not exist on the costs associated with

an accident, especially a fatal one. Several studies conducted in recent years, how-

ever, have calculated direct costs (3,5,13) (for which there is little argument) and

some have estimated indirect costs (5). Information needed for an evaluation of

the benefits from reducing accidents at grade crossings is available from these

studies or the safety official can produce a realistic cost of such accidents by eval-

uating the several cost items involved. The important point to note is that realistic

cost evaluations of grade crossing accidents can be made without great difficulty.

With proper cost and benefit data available, one of several standard economic

analysis methods should be used. The Rate of Return or Benefit-Cost Ratio Methods

are in use for many engineering project analyses and are applicable to the grade

crossing problem. Examples of such analyses, including difficulties encountered and

advantages resulting, are presented in detail in many economics textbooks and in

several papers and reports (10,11,16) relative to grade crossings.

SUMMARY OF DEVELOPMENT OF A PROGRAM

Officials who are charged with the responsibifity for rail-highway grade cross-

ing safety programs are faced with a complicated and difficult task. They must

provide a feasilile program which returns the maximum benefit for the dollars spent

and this must be done under many other social, political, and environmental influ-

ences. Research has contributed greatly to the determination of factors which cause

accidents, to the evaluation of the risk at hazardous locations, and to methods of

analysis which allow systematic selection of locations which, from an economic

standpoint, should be included in a safety program.

The quantitative analysis portion of a program to determine the proper type

of protection device and a proper priority for its installation at each location can

be outlined in simplified form as follows:

1. Develop or select an existing hazard rating or probable accident frequency

model.
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2. Rate all crossings under the jurisdiction of the agency by the model

selected.

3. Compute the cost of accidents at grade crossings using the best available

cost data.

4. Compute the costs of maintaining existing equipment and the costs of

improvement—capital investment and operation and maintenance costs.

5. Use an economic analysis technique to indicate justification for possible

improvements.

6. Establish the priority and type of improvements based on the economic

analysis.

OTHER CONSIDERATIONS IN A PROTECTION PROGRAM

Economic analysis is an essential tool in determining the benefits to be obtained

by revising protective devices, such as installing flashing lights and/or automatic

gates, and will result in sound priorities for improvement, but it cannot suggest the

total solution for increasing safety at all grade crossings. In many cases the condi-

tions at a crossing do not warrant the costs of improved protection. Should nothing

then be done at these locations? Cases may also exist where expenditures for active

devices appear warranted but where some new type of passive device would pro-

vide the necessary safety at the crossing with a minimum of expense. What resource

does the safety program administrator have to provide clues and answers to these

problems?

The Department of Transportation has asked all states to establish diagnostic

teams composed of specialists from the concerned State agencies (e.g., highway,

police and public utility ) , the Federal Administration and the railroads ( 14 ) . Diag-

nostic teams in many states have visited many crossings and, from their expertise

and experience background, have suggested many valuable on-the-spot safety meas-

ures, such as the relocation of signs and signals, upgrading of pavement markings,

relocation of hazardous public or railroad property, adjustment of posted speed

limits or otlier corrections which require a minimum of capital expenditures (12).

When automatic devices or other major expenditures are suggested, they should be

submitted to a complete economic analysis, as discussed previously. The diagnostic

team approach, however, has proven to be a successful procedure in identifying

and isolating factors that contribute to unsafe conditions at grade crossings, estab-

lishing an interdisciplinary approach to the solution of grade crossing problems, and

establishing a line of communication between groups and indi\iduals who are

responsible for the safe operation of rail-highway grade crossings (12).

Other methods of improving grade crossing safety should also be kept in mind

as possible solutions. As one example, a short-line switching railroad in California

had heavy night-time operation and in a two-year period had experienced seven

accidents and one fatality at three crossings. The conditions at the ItKations did

not appear to justify the expense of automatic efjuipment but as the niglit factor

appeared important, illumination of the crossings was undertaken. Two 20, ()()()-

lumen Type II mercury vapor lamps were placed at each crossing and tin- after-

accident experience was excellent—the cost of the project, $8()()/cr()ssiiig (4). A
detailed engineering analysis of each high-accident crossing nuist always be inclu(l(>d
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in every grade crossing protection program to determine those uni(iue factors which

may be causing a high accident rate.

FINANCING A GRADE CROSSING SAFETY PROGRAM

Although railroad officials, highway officials, and the public in general have

an interest in rail-highway grade crossing safety, a coordinated program of improve-

ment has not always been evident. In discussing interagency relations between

public and private agencies, Williamson has pointed out that "cooperation is

required in the initiation, design and scheduling of improvement projects; coopera-

tion is required in educating the public in the necessity for proper obedience to

the grade crossing signals; and perhaps most significantly, cooperation is required

in financing the cost of constructing and maintaining protective devices" (9)

Traditionally, the entire cost of maintenance of any protective device has

usually rested with the railroads. The portion of installation cost carried by the

railroad in recent years has varied depending upon the public agency involved and

the class of highway crossing the railroad, but often the railroad has been required

to assume major responsibility for construction and maintenance. This situation,

it should be noted, exists today even though many individuals and governmental

agencies have encouraged greater sharing of financial responsibility.

For example, a report issued in 1963 by the Interstate Commerce Commission

contained several suggestions for improved financing of the rail-highway grade

crossing program (7). A recommendation dealing with financial responsibility stated

that ".
. . highway users are the principal recipients of the benefits flowing from

rail-highway grade separations and from special protection at rail-highway grade

crossings. For this reason the cost of installing and maintaining such separations

and protective devices is a public responsibility and should be financed with public

funds the same as highway traffic devices."

A recent study indicated that 30,000 railroad grade crossings justify immediate

improvements (16). Obviously those improvements which are economically justi-

fiable and which result in the saving of human lives and injuries should be made.

Just as obviously they must be primarily financed by those who receive the major

benefits, and those are clearly the motorists.

AREAS OF CONTINUING RESEARCH

Improvement of railroad crossing protection devices is, of course, still a very

fruitful area for research, and research in this area is continuing. A Task Group of

the Highway Research Board's Committee on Traffic Control Devices explored this

area in 1969 and in January 1970 prepared an unpublished report on areas for

further research and development. This group concluded that present protection

devices, by making use of the visual channel of communications only, have serious

limitations. They note that the tasks of driving are demanding; that communication

via the visual channel must compete with many other signs, signals and tasks; that

environmental conditions of fog, rain and snow cause further communication difficul-

ties; and that fogged windows and headlight glare furtlier compound the problem.

The group noted recent progress in electronic highway-motorist communica-

tion systems and the trend in research to the use of displays within the vehicle of
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information required for electronic route guidance (ERGS), passing assistance, and

other applications. The concluding paragraph of their brief report is as follows:

"The on-board, in-vehicle display of information relative to railroad crossings

would overcome most, if not all, of the objections raised earlier in this report con-

cerning present railroad crossing protection devices. Research is needed to inves-

tigate the possible application of electronic highway-motorist communications for

railroad crossing protection. Such a research project should include a determination
of the information to be displayed, the type of display to be used, and the method
of operating die communications system. A variety of messages could be communi-
cated depending on conditions at the railroad crossing. Considerably more flexibil-

ity and effectiveness would e.xist with such a system than presently exists with
current railroad crossing protection devices."

Research in this area is currently being conducted at the Transportation Sys-

tems Center of the Department of Transportation and elsewhere.

It is also overwhelmingly clear tliat many thousands of low volume crossings

can never be protected with active devices because of the high cost unless a more
economical device is developed. Research on the development of such devices is in

progress and hopefully will be successful. Improved warning at high-volume crossings

which already have flashing lights and/or gates is also needed. Research here cur-

rently is involved with developing devices to supplement existing ones and to more
effectively warn motorists of approaching trains. Changeable message signs over the

roadway in advance of the crossing is one technique under development.

Certainly such research should continue and have our full support. Undoubt-
edly improvements in grade crossing safety will result. But we must not wait for

such improvements to develop a grade crossing protection program. We must use

the funds available to obtain the greatest benefits. The best answer now is for each

responsible agency to establish a complete program of evaluation of the hazard

and the benefits of improvements at all crossings under its jurisdiction. The tools

are available to develop such programs. It only requires doing.
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Whee! and Rail Loadings from Diesel Locomotives

72-633-3

By L. F. KOCI

Chief Locomotive Engineer

Electro-Motive Division, General Motors Corporation

We, at Electro-Motive, understandably deal primarily with the railroad

Mechanical Departments. In recent years as axle loads, the number of axles com-
monly used on a locomotive, locomotive weights, and operating conditions moved
in the direction of representing more demanding applications, we found it neces-

sary to be certain of just what the wheel-rail loadings were not only from the

standpoint of locomotive equipment but also from the standpoint of the effect on

the rail, since the "tracking" capability of the locomotive is one of our concerns.

Over the last dozen years or so we have become involved in a number of tests run

by our customers or cooperative tests between particular railroads and Electi-o-

Motive. Consequently, the data presented in parts of this review, will certainly be

recognized by people on the various railroads on which the tests have taken place.

The following report represents a brief review of some of the data accumulated

in these various tests. It is certainly not all inclusive nor is all of it new. It is clear,

however, that when studying the tracking of railroad vehicles and such aspects as

derailments, it is impossible to separate the effect of the Mechanical, Engineering,

or Operating functions of a railroad operation. The following information does try

to "bring together" some of the information developed in each of these various areas.

This review is divided into the following six areas:

1. Sample Derailment Data

2. Basic Cui've Negotiation Mechanics

3. Experimentally Determined Wlieel-to-Rail Forces

4. Rail Profile Data

5. The Effect of Dynamic Brake Levels

6. Mechanical Considerations

Following these there is a brief summary.

Note—Discussion opon until OctolnT 15, 197J
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I. SAMPLE DERAILMENT DATA

In prepariiijj; for one of the eooperative tests run with one of our major rail-

road customers, a brief summary was made of ten derailments the railroad had

experienced which either reflected no clear cause, or for which the cause seemed

questionable. This would include such things as a rail break in which there did

not appear to be sufficient old break to explain the derailment entirely. In examining

this summary we were looking for guidance to the types of things which should

be investigated to provide most meaningful results. Figs. 1 and 2 summarize this

information. It should be made clear that there was additional, detailed data avail-

able in many cases, including crew comments; however, what is summarized in

these figures is the rail weight, curve condition, locomotive consist, and the location

of derailment. For example, in the first situation listed the locomotive consist con-

sisted of an SD-45 (one of EMD's 6-axle locomotives), a second SD-45, a GP-35

(which is an EMD 4-axle unit), and a U-25B (which is a competitive 4-axle unit).

The x's in the illustration indicate what units or cars were derailed in the incident.

The data represented as well as some of the details not indicated in the illustrations

may be summarized as follows:

1. Either by crew comment, spectator comment, or locomotive speed tapes,

change in train speed was indicaLed in almost all cases. In many cases

locomotive braking was indicated. In one particular case the crew com-

ment indicated that the train was being switched to a siding and the

locomotive dynamic brakes were applied immediately after the locomo-

tive consist crossed over the switch. As discussed in more detail later,

this situation, in which the cars immediately behind the locomotive

(which do not have the vertical load always present which a locomotive

does) are subjected to the maximum buff loads available in locomotive

braking while crossing over a switch or crossover or on curved track,

can carry wiLh it the ri.sk of derailment. The application of heavy buff

coupler loads can result in substantial lateral wheel-to-rail reaction. The
lighter the vertical \\'heel load present, the more "unstable" the condition

may be. As noted, this is discussed further later. In most of the situations

summarized the speeds were in the range of 35 to 50 mph.

2. The curve size involved was generally about 3 to 4 deg. As will also be

discussed later, the basic curve negotiation forces present on curves of

this size are far lower than they are on tighter curves, such as tho.se of <S

to 10 deg.

3. Transient drawbar conditions were indicated throughout the train. An
example of this is the fourth situation noted in which three dilfcrent

groups of cars ended up derailed in various locations in the train.

4. In some cases empty "TTX" type cars were placed immediately next to

the locomotive consist in operation involving locomotive braking. Placing

any empty cars adjacent to the locomotive in heavy locomotive braking

conditions involves the risk of developing unsatisfactory wheel-to-rail

conditions. However, the long-overhang-type cars such as the TTX cars

are particularly vulnerable to this, and this type of operation if combined

with a chance occurrence of a low joint, or bad track alignment, or train

handling gi\ ing substantial dynamic' bull "run-in", increases the risk of a

problem.
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TYPE TRACK/ CURVE SIZE

I. 119" JOINTED / 3° 30' CURVE

I so- 48 1 |»-4Bl 18PM I |^^2(^^8|I
derailed: 3 TRAILING UNITS, 40 CARS

2. 136' JOINTED / 4° CURVE

W^ [1E13 ISfT] [spTI [^^ fi|^ W^^
derailed: 5TH a 6TH UNITS a 35 CARS

3. 136" CWR/4'' CURVE

derailed: last unit a 48 cars

4. 136" CWR / straight

ISP-451 lu-3a<;| ISD-451i
derailed: cars 33

'mm
-42,50-52,56

5. 136' CWR/ 2° curve

derailed; 5 CARS a caboose

Fig. 1

loo own / c i^unvc

lio^ HiMi f^^ (io^ WKtMKtKttKKKt^^ }/k

TYPE TRACK/ CURVE SIZE

6. 132 jointed / 3" CURVE

W^S] [JP^ I6P-35I

derailed: cars 9-41

7. 136 CWR / 4" CURVE

derailed: FOUR CARS

8. 115 / 4' 05' CURVE

fJFiil W^ MM MM} ^p f^w\^^^i l|i
derailed: trailing truck 5TH unit, 6TH unit 35CARS

a 136 JOINTED / 2' CURVE
1"^^^ riiM6l [sPiol^^ IBP

derailed: CARS 74-95

10. 136 LOW, 132 CWR HIGH / 4° CURVE

m
DERAILED: ONE WHEEL LEAD UNIT TWO TRAILING UNITS a 35 CARS

Fig. 2
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5. In a number of cases the crew comment indicated that buckled rail

occurred, sometimes ahead of the locomotive. The comments ix)inted to

the possibility of track thermal strains perhaps being a factor. While con-

siderable investigation of the effect of thermal strains on track stability

has taken place, little seems to be known about how thermal strains below

the threshold of instability themselves affect the ability of the track to

withstand the not insignificant service loads applied to it during opera-

tion on curves. In other words, if occasionally the track thermal strains

become great enough to be of concern from their own account, how is

the ability of the track to withstand lateral loads in the area of 10,000 to

15,000 lb reduced when those thermal strains are half as high or M as

high?

6. Of the ten derailments noted:

a. Five occurred within the train only, involving no locomotives

b. Two involved EMD 6-axle locomotives

c. One involved a competitive 6-axle locomotive

d. Three involved 4-axle locomotives.

Altliough this summary involves one particular railroad, a number of similar

summaries have been made on other railroads and in many ways they are not unlike.

Similarities are particularly common from the standpoints of involving curve sizes

in which lateral loads are not as high as elsewhere; involving braking conditions;

and involving a variety of vehicles including cars and both 4- and 6-axle locomotives.

II. BASIC CURVE NEGOTIATION MECHANICS

What is intended here is a brief review of what may be termed the "basic"

lateral loading which occurs due to normal curve negotiation of a railway vehicle

truck around a cur\e. The forces resulting from this normal negotiation are among
the predominant forces involved, at least in the tighter curves. To fully understand

how some of die lateral loads developed by various operating, track, and mechanical

conditions discussed later combine, it is necessary to appreciate what causes the

basic curve-negotiation forces. The following is a brief review of this; for further

explanation, ASME paper No. 6o-WA/RR-4 may be helpful.

These curve-negotiation forces are not related in any manner to centrifugal

force. They are the forces which would be present if the operating speed involved

were exactly balanced by the superelevation of the track. Perhaps the best way to

make this clear is to state that these are the forces which would occur if the locomo-

tive or railroad car were standing still and the track were on a giant turntable

moving around underneath it.

It should also be noted that these forces are the forces present with no driving

or braking taking place. They result strictly from the frictional forces between

wheel and rail and are the result of the fact that all wheels of the truck do not

line up perfectly tangent to the rail, nor do they have a differential which would

allow the inner and outer wheels to roll the different distances involved on the

inner and outer rail of the curve.

Fig. 3 illustrates schematically a 3-axle truck position while traveling around

a curve. This position is typical in that the truck assumes an "angle of attack"

between the leading axle and the rail, tending to skew within the clearances allowed

between wheel flanges and rail. The curve size and the clearances involved were

Bui. 633
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3- AXLE TRUCK ON CURVE

Fig. 3

WHEEL TREAD FRICTIONAL

FORCES DUE TO CURVE NEGOTIATION;
Fig. 4
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obviously exaggerated in this illustration; actually on curve sizes down to approx-

imately 300 ft radius the No. 3 or trailing axle of an EMD 6-wheel truck tends to

be disposed toward or against the inner rail of the curve with the middle axle

further away from the iimer rail.

Fig. 4 helps illustrate why this position results when a railroad truck negotiates

a curve. As previously noted there are two separate circumstances which cause the

wheel-to-rail frictional forces resulting in this curve negotiation action. First of all,

the outer rail of the curve represents a longer distance to travel than the inner rail

of the curve. Since the wheels are rigidly mounted on a common axle some longi-

tudinal slip between the wheels and the rail must and does result. The arrows in

the direction of the wheels on Fig. 4 represent slip taking place in this direction;

as can be shown, without driving or braking taking place, this results in equal and

opposite slips on the inner and outer wheels of a given axle. (Wheel taper cannot

provide the differential required both because it would be correct for only a given

size curve and because the three axles do not position themselves such that taper

can serve this function.)

Secondly, since all three axles are held parallel to one another within the truck,

it is clear that all three of them cannot be "aligned" with the track such that the

wheels would be tangent to the direction of the rail at the point of contact rathet

than at an angle making it necessary to slip sideways. Since all three axles cannot

be aligned with the rail, at least two of them must be at an angle either "running

into or away" from the rail and, therefore, "dragging sideways" resulting in lateral

slip between wheel and rail. In truth the equilibrium position which finally occurs

results in neither of the three axles being aUgned with the rail; the arrows shown

on Fig. 4 at right angles to tlie wheels reflect the lateral slip which takes place at

the point of contact between wheel and rail.

These two slip components at right angles to one another combine to give a

resultant direction of slip between wheel and rail as shown in the diagonal arrows

on Fig. 4. With this relative motion or slip present, of course, frictional force from

rail onto wheel results in the direction of the arrows shown. (These slip magnitudes

are small and generally referred to as "creep" or microslip; however, for the pur-

poses of this discussion it can be considered as slip or relative movement between

rail and wheel.) As the truck passes through the curve these forces represented

by the diagonal arrows cause the truck to turn or skew within the rails until flange

forces at the leading outer wheel and sometimes at wheels of the second and third

axle, balance these frictional forces and an equilibrium position results. The next

illustration, Fig. 5, shows these frictional tread forces balanced by the one or more
flange forces which may be present. With the lateral clearances within the axles

and the truck available on an SD-type 3-axle truck the equilibrium position attained

for curve sizes down to approximately 2100 ft radius, consists of the leading outer

wheel obtaining a flange reaction from the outer rail, the trailing axle disposed

toward the inner rail but without the flange contacting, and the second axle,

dependent on curve size, sometimes against the outer rail or between rails. On
curves between 2100 ft radius and down to extremely tight curves (approximately

280 ft radius) with sufficient lateral clearance designed into the truck between

axles and truck frame, the trailing axle is actually against the inner rail. This is a

desirable operating mode since it tends to reduce or limit the amount of angle of

attack and related forces which may be present otherwise. It should be noted that

consequently, additional gauge widening between the rails merely allows tlie trutk
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WHEEL TO RAIL

FRICTIONAL AND GUIDING FORCES DUE

TO CURVE NEGOTIATION

Fig. 5

to skew or cock to a greater extent and increases the angle present between wheels

and rail. It also increases the resultant lateral forces. Therefore, if there is sufficient

lateral within a truck for curve negotiation without demanding that tlie axles "bind"

in the rail (that is, with the center axle against the inner rail), unnecessary gauge

widening is undesirable. Similarly, placing the wheel Hanges closer together to pro-

\ide more wheel-to-rail clearance can have an undesirable effect, although this is a

much smaller factor merely because of the dimensions involved generally in gauge

widening.

There are a number of specific factors associated with curve negotiation which

may be considered important from the standpoint of tracking or wheel-rail operating

conditions. The flange reaction itself is important from tlie standpoint of wheel

and rail wear since it represents the force pressing the flange surface and the inside

rail surface together while they have relative sliding taking place; and it is also

of interest from the standpoint of contact stresses and local forces on the wheel

flange and the rail. The angle between the leading outer wheel and the rail is com-

monly referred to as the angle of attack. This is important not only because the

greater the angle the greater the resultant lateral creep and frictional forces, but also

because the greater the angle the more "scuffing" there is between wheel flange and

rail and, therefore, the increased amount of wear. Generally, it is accepted that

wheel flange-rail wear is a function of the flange force and the angle of attack,

although the manner in which they combine is not clearly defined.

The "net lateral load" between wheel and rail at any given wheel is the differ-

ence between the flange force and the lateral component of the tread frictional

force. This net lateral load is what is important from tlie standpoint of tracking; that
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LATERAL FORCES ON LEADING

AXLE-WHEEL SET

Fig. 6

is, the likelihood of either wheel climbing the rail or the rail rolling over depends

on the level of this net lateral load. In following discussion where lateral load or

the ratio of lateral load to vertical load is involved, it is this net lateral load that

is referred to. This load is also of interest from the standpoint of wheel stress or

axle stress resulting or lateral bending stresses produced in the rail. The net lateral

load at the entire axle instead of at a particular wheel is the result, or difference

between, the flange force at one wheel of the axle and the two lateral components

of the tread frictional force at both wheels of the axle. This then represents the

total net lateral load on both rails at a given axle location and is primarily of inter-

est from the standpoint of shifting the entire track structure within the ballast.

Fig. 6 helps to clarify these forces as they act on the leading wheel axle set

of a truck in passing through a curve.

The important relations and limits of these various forces considered from the

standpoint of the effect on the rail and influence on possible derailments are gen-

erally as follows:

1. Wheel Climbing the Rail; Lateral-to-vertical wheel load ratio, L/V, ecjual

to or greater than 0.9 at the leading outer wheel.

2. Rail RolioNcr: L/V for one side of an cutiic truck I .^ - "

j^tT' I

equal to or greater than 0.5

3. Track Shifting: Net lateral axle load e(iual to or greater than 40'/ of the

\ertical axle load on poor track conditions
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The L/V limit of 0.9 is a value which is considered a minimum or lower limit

for the possibility of wheel climbing to be considered likely. Most analytical or

experimental work which has been done would tend to indicate this is probably in

most cases required to be over 1.0, and with the flange configuration used in the

United States as high as 1.5 before actual wheel climbing will occur. Also, in many

specific operations it is known that ratios of approximately 0.9 do occur not uncom-

monly without derailment. However, because of the number of variables which can

be and are involved in any derailment situation, the 0.9 figure seems a reasonable one

to consider for the lower limit and for an indication of those load combinations at

which this should start being of concern.

The ratio of 0.5 for total lateral load on one side of a truck to total vertical

load on that side of the truck for rail rollover is merely tlie ratio of loads required

to cause the resultant load on rail to fall outside of the edge of the rail base. On
many common United States sections this occurs at a ratio of approximately 0.5 to

0.55. Obviously, this ratio can be exceeded at a single wheel without rollover occur-

ring because the adjacent wheels provide vertical load which "holds" the rail down.

The choice here of using the total for one side of a truck, whether it be a locomo-

tive or a freight car truck, assumes no tiedowns or effective spikes, and a rail joint

between the rail under that truck and tlie rail under adjacent trucks which provides

no torsional restraint whatsoever.

The limit of 40% indicated for tlie entire axle relative to shifting of tlie track

structure is taken from work performed in France some years ago indicating that

this was the lowest value on poor track which could cause this to occur.

III. EXPERIMENTALLY DETERMINED WHEEL-TO-RAIL FORCES

A number of tests have been nm in recent years determining the actual lateral

wheel-to-rail reactions which occur in operation on U. S. railroads. This data is

discussed below as related to four general areas of interest: due to basic curve-

negotiation mechanics, as influenced by speed, as influenced by sanding, and as

influenced by coupler reaction.

A few years ago, EMD manufactured its first road locomotives using 4-axle

trucks. While a considerable amount of analytical and laboratory work had been

done previous to this time related to lateral wheel-to-rail reaction during curve

negotiation, it was felt necessary with the first use of a 4-axle truck (with all four

axles in a common frame) to determine experimentally specifically what wheel-to-rail

loads existed in actual operating conditions and how the wheel-to-rail loads which

would occur with the 4-axle truck would compare to them. Loads had been meas-

ured under certain specific conditions, as with the use of instrumented rail sections

and roller bearing tie platen. This, however, had the disadvantage of measuring

only one condition at one specific location and not reflecting the types of dynamic

loading typical with normally found track irregularities.

Shortly prior to that time, tests had been run in Europe in which the wheel

plates of a wheel-axle set were instrumented to provide a measure of lateral load

on a continuous basis. Fig. 7 shows the three EMD road locomotive trucks including

the 2 and 3-axle in service and the 4-axle which was being tested at that time.

Since all used a common wheel-axle-traction motor assembly, the use of an instru-

mented wheel-axle ,set would provide the opportimity to place it in three different

trucks of widely varying wheel ba.ses to obtain a good measure of what was desired.
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Fig. 7

Therefore, it was decided to develop an instrumented wheel-axle set providing

a continuous record of net lateral load between wheel and rail. While this instru-

mentation gave a continuous record of lateral wheel-to-rail reaction it was also

applied such to give an indication of vertical load once per revolution.

The experimental results are summarized in Fig. 8. These curves show tlie

net lateral load in thousands of pounds along the bottom scale versus the radius of

curvature along the vertical scale. Degrees of curvature are shown for reference.

The three curves indicate the loads measured for the 2-axle, 3-axle, and 4-axle truck

noted previously. It should be noted this data is based on coasting conditions; that

is, there is no significant tractive effort or braking taking place, and little or no

centrifugal force not balanced by track elevation. In other words this data reflects

that loading occurring strictly from the curve-negotiation mechanics and the wheel

tread frictional forces discussed previously. Also, these curves reflect the net lateral

load between the leading outer wheel in the curve and tlie outer rail; the flange

force itself would be higher.

There are a number of factors of interest apparent in examining these curves.

For one, the loads are substantial, reflecting, for example, approximately 10,000 lb,

14,000 lb, and 16,000 lb for a 10-deg cur\'e with the 2-axle, 3-axle, and 4-axle

truck, respectively. As would be expected the loads increase substantially with curva-

ture; however, the loads at the 3- and 4-deg curve size area, where most of the
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derailments discussed previously take place, are far lower than they are on other

tighter but commonly found curves.

As die cuives show, the same basic phenomena and same relationship of wheel-

rail loads occur with either the 2, 3, or 4-axle truck, although the "degree" of load-

ing increases as the number of axles or the amount of tractive weight supported

increases. As mentioned, tliese are the reactions from the wheel tread-to-rail friction

and, therefore, the size of these forces depends on the adhesion conditions involved.

These curves represent the average of many data points over a great deal of opera-

tion picked to represent average dry rail conditions. Under conditions which involve

wet weather the adhesion and consequently the forces are lower, while under con-

ditions which increase adhesion, .such as sanding, the frictional loads and cor-

respondingly the lateral reactions are higher. These forces are always present during

curve negotiation due merely to negotiating the curve, and other factors which

affect rail reactions add over-and-above this. These would include such things as

centerplate reaction resulting from a high coupler force acting at an angle, or

centrifugal force.

Fig. 9 is a table showing some of the values taken from the curves in Fig. 8.

It shows, for example, that a 2-axle truck has a net lateral load reaction on a 10-deg

curve the same as a 3-axle truck has on a 6-deg curve or a 4-axle truck has on a

4-deg curve. In making this comparison and evaluating different applications for

different types of service, it should be remembered that to pull a certain trainload

a similar number of axles must be involved. In other words, providing the same

operation could be considered to require either six 2-axle trucks under a locomotive

consist, or four 3-axle trucks.

The data summarized above represents the steady-state load; that is, it does

not reflect the dynamic forces which occur at rail irregularities or at rail joints.

Since the wheel and rail are being forced together with substantial loads, whenever

a rail joint occurs it represents a change in path and dynamic loading over and

above the base loads discussed occurs. The dynamic loads measured in typical

operation are summarized in Fig. 10. The sample lateral-load trace shown across tlie

bottom of the illustration is typical, with the lateral reaction increasing as the vehicle

travels through the spiralling into the curve, developing a "more-or-less" steady state

level throughout the curve, and theri decreasing in passing from the curve to tangent

track. As is apparent, the dynamic loads occur fairly continuously over and abo\'e

the steady-state load. On curves these dynamic impacts are commonly 6,000 to

8,000 lb additional load occasionally reaching 12,000 to 15,000 lb. On tangent

track, as indicated, they are somewhat higher at the test speeds of 65 mph. These

dynamic loads are very short in duration, mostly below 0.1 second long. Therefore,

while they are of interest from the standpoint of rail "batter" and shock loads locally

affecting the wheel and the rail, they are not of primary interest from the standpoint

of tracking or derailments since they are not long-lived enough for any significant

displacement or change in location to take place.

It is also of interest to note that the dynamic loads measured were quite sinnlaif

with either the 2-axle, 3-axlc, or 4-axle trucks, thus indicating that they are pri-

marily the result of the unsprung mass dynamics and represent too small a displace-

ment to depend on the truck frame or the length of truck invoked.

The next six illustrations show the effect of sour- other cxlerna] loadings on

these wheel-to-rail forces. Fig. 11 shows the same curve previously shown for the

6-wheel truck indicating net lateral load versus degree of curvature. In addition
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DYNAMIC TRANSIENT LOADS (TO 0.1 SEC. DURATION)

ON A TYPICAL U.S. RAILROAD TRACK

A. ON curves:

GENERALLY 6,000-8.000 LBS. ADDITIONAL

OCCASIONALLY 12,000-15,000 LBS. ADDITIONAL

B. ON TANGENT TRACK ( AT ABOUT 65 MPH ) :

GENERALLY 10,000-12,000 LBS.

OCCASIONALLY 15,000-20,000 LBS.

STEADY STATE

1
I . OUTER WHEEL LOAD
" AT LEADING AXLE '•
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Fig. 12

to showing the average values, it also shows in the shaded area the range of loadings

found under the considerable variables which exist in day-in and day-out operating

practice. The following illustrations show the effect of speed, sanding, and different

levels of coupler reaction upon these load levels.

Fig. 12 illustrates the effect of speed in a given group of curves. The same

median curve and range previously discussed are shown. In addition to that, actual

data points are shown, obtained while operating at three different speed ranges

over a given series of curves. The x's indicate values obtained while operating at

approximately the speed to balance track superelevation; therefore, there is little or

no effect of centrifugal force in these data points. The small circles represent data

obtained while operating at about 10 to 15 mph under the balanced condition. As

may be noted on this group of curves, the net lateral loading is reduced slightly

but not to a major extent. Similarly, the crosses reflect data obtained while operating

at 10 to 15 mph over the balanced condition and again, while these show a slight

increase, it is not a major change in the load levels present. Speed, then, does not

make a major change in the load levels which occur. Traveling at reduced speeds

over restricted areas or temporary track does, of course, reduce the risk involved if a

derailment occurs but does not substantially reduce the load to which the track

is subjected.

As noted previously the lateral reactions result from the frictional forces

between rail tread and rail and, therefore, are a function of the amount of friction

present. Fig. 13 shows some representative data points and a shaded range of data

obtained on various size curves while continuous sanding was taking place on the
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Fig. 13

locomotive. As might be expected the increased friction level resulting from sanding

increases the lateral reaction substantially. For example, it increases from a value

of approximately 14,000 lb to one of about 18,000 lb for a 10-deg curve. In gen-

eral, the actual friction coefficient measured under conditions of continuous sand-

ing, was found to be approximately 0.40, although it should be remembered that

not all of this available frictional force goes into either driving or lateral reactions

but a combination of both.

The next three illustrations ilhustrate the added effect of varying coupler buff

reactions applied to the locomotive through the angle involved when ciuves are

negotiated. This particular data is taken from tests run in a "pusher" operation;

however, tlie reactions resulting would be present if this coupler reaction occurred

due to braking or train "run-in" also. Fig. 14 shows some data points and tlie range

of data measured under conditions of moderate buff load (approximately 100,000

lb) while operating over the curve sizes indicated. This data also included continu-

ous sanding and, therefore, shows the increased effect of the coupler reaction. Fig.

15 is similar except the butt load coming through the coupler is still higher (in tlie

range of 250,000 to 300,000 lb) and correspondingly the net lateral wheel-to-rail

loads are seen to increase. Fig. 16 .shows all these variables superimposed on the

same curve. The cumulative effect of these external loads acting over and above the

basic curving forces is apparent. It may be noted that lateral loads in the range

of 25,000 to 27,000 lb for a wheel with average static loading of 32,000 lb occur

here regularly. Under these particular conditions wheel and rail wear are quite high.
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INFLUENCE OF SANDING AND
MODERATE OR HIGH BUFF LOADS
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Fig. 16

In many of the tests which have been run, freight car wheel-axle sets on the

cars immediately adjacent to the locomotive have also been insti'umented. Primarily

because of less vertical load available to "stabilize" the wheel and rail, it is gen-

erally found that the most vulnerable area for tracking difficulties or derailment is

on the cars immediately adjacent to the locomotive. This is particularly so with

some of the newer long-overhang cars.

Because the side frames of most freight car trucks are independent (that is,

they are not held rigidly relative to one another) the basic frictional forces which

occiu' in curve negotiation also tend to skew the freight car truck side frames,

producing a greater angle of attack than would be present for a truck of similar

wheel base otherwise. Consequently, the wheel-axle position that develops is as

shown in Fig. 17. The axles shift relative to one another and after the trailing axle

comes against the outer rail, the remaining frictional moment shifts the side frames

and allows the axles to skew further, attaining a higher angle of attack and cor-

respondingly somewhat increased lateral forces and reactions. Fig. 18 shows what

the predicted net lateral load on rail would be at the leading outer wheel of a

freight car truck with 65,000 lb vertical axle load. This illustration shows this curve

overlayed on the 2-axle, 3-axle, and 4-axle locomotive truck data discussed previ-

ously. In addition, tlie circles and x's represent actual data points measured in rail-

road tests.



Address by L. F. Koci 517
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IV. RAIL PROFILE DATA

Since it is the ratio of lateral to vertical load present between a wheel and

the rail which is of interest, the vertical load present at any given time is important.

This vertical load changes continuously as the wheel follows rail irregularities. To
determine what vertical load was present during operation, it was considered man-
datory to determine what rail profile the wheel followed in operation. That is, it

was important to know what the "loaded" profile of the rail was when the wheel

load was upon it, not what position the rail was in when there was no load present.

The loaded profile can be and is substantially different from the unloaded shape

of the rail. The instrumentation developed to obtain this, sample profiles obtained

on U. S. railroads, and a summary of the data is discussed below.

Fig. 19 illustrates tlie change in wheel load which results when the particular

wheels indicated are subjected to a track irregularity of the size indicated. This

track irregularity is defined as vertical rail profile which is intended to represent the

change in profile from the middle of a particular rail length (that is, approximately

halfway between the rail joints) to the lowest point encountered at die joint. This

will be more clear after viewing the subsequent illustrations. As can be seen, the

changes in wheel load which occur are substantial. A not unusual rail profile of

1/2 inches can cause a change in wheel load of approximately 10,000 lb out of

total nominal static wheel load of about 32,000 lb. The effect on adhesion is obvious

as well as the effect on wheel-rail stresses; also apparent should be the effect on

tracking performance and possibility of derailments. Since this can be such a major

factor, it must be taken into account in considering the relationship of lateral-to-

vertical loads present and what type of tracking condition is inxoKed.

To determine the loaded rail profile, new instrumentation was developed which

did not depend on relative displacements between different points of the rail but

rather gave an indication of the absolute path "in space" the wheel has to follow

in passing over the rail. General Motors Research had developed such instrumenta-

tion for use on highways in 1962; it was first used in conjunction with ]ocomoti\'es

and railroad track in 1985. The following four illustrations show some typical traces

of rail profile wliich have been accumulated in recent years.

The first sample trace. Fig. 20, shows a typical main line section on one rail-

road. What is reproduced here is tlie exact i^rofile tliat the wheel follows in passing

over the rail, or correspondingly, the exact shape of the rail when tlie wheel load

is applied to it except for the scale changes. The horizontal scale is condensed as

shown by the 39-ft distances shown in Fig. 20 representing adjacent rail joints;

the vertical scale is expanded relatively, as indicated by the 2.1-inch peak-to-valley

displacement shown. The uniform rail joint pattern is apparent, and it is of interest

that compared to the commonly considered unloaded rail profile, the irregularities

under the condition shown are substantial.

Fig. 21 is a similar trace taken on a section of yard track. It is labelled

"through" track to distinguish it from such facility tracks as sanding tracks or fuel-

ing tracks; that is, this represents track on which trains are made up and started,

where demand for adhesion is often greatest. As can be seen and as may be

expected, the unifonnity of the rail joint pattern is not present because of the varia-

tions in rail pieces in\ol\t'd in the >ar(l. Also of interest are the areas of immediate

mismatch where adjacent rail sections were placed without shimming. For compari-

son purposes a 6-wheel SD truck is shown to the same scales, indicating that in
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CHANGE IN WHEEL LOAD DUE TO VERTICAL PEAK
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(LOW SPEED)

VERTICAL RAIL PROFILE
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Fig. 23

passing over the rail lengths with 1.48-inch peak-to-valley displacements, the middle

axle of the truck "feels" 0.91 inches of tliat displacement.

Fig. 22 shows an additional sample taken on main-line track at 64 mph. Because

of the higher speed the horizontal scale is "squeezed down" somewhat further, as

indicated by the 39-ft dimension shown. Again, the rail joint pattern is apparent,

but in addition this sample includes passage over a highway grade crossing and

reflects a 4-inch displacement within about a 20-ft length.

The last sample trace indicated, Fig. 23, shows passage from welded rail onto

jointed rail. As may be expected, the welded rail irregularities are far smaller than

those found on the jointed track; however, it is interesting that to some extent the

39-ft pattern is still present. This appears to be the result of the "memory" of the

ballast and substructure due to the "pounding out" which took place when the joints

were present.

As a summary of some of the rail profile data which has been accumulated,

Fig. 24 shows the peak-to-peak vertical displacement plotted against tlie number

of times a displacement of that level occurs per thousand miles of operation. Data

accumulated on four different railroads is shown. For example, on Railroad D
a IJz-inch peak-to-peak irregularity would occur 3500 times per thousand miles or

about 3/2 times every mile. The rather substantial difference between data obtained

on different railroads (or sometimes between difl^erent areas of a railroad) is

apparent.
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V. THE EFFECT OF DYNAMIC BRAKE LEVELS

There are indications that loconi()ti\"e hrakinji practice and, in particular,

d>naniic brakinji, often may be involved in some of the tracking problems which

Iia\'e been investigated. In some cases it appears that personnel may not realize

how "potent" a tool the dynamic brake level available to them today is. There are

two aspects to this: the steady-state dynamic brake level available, and the dynamic

reactions (run-ins) which can often be involved in locomotive braking practice.

Fig. 25 summarizes the braking effort available in pounds in dynamic braking

a 4-unit consist of 6-axle units. The lower curve shows the braking available from

four SD-7 units which are 6-a.\le units of approximately 1954 vintage. Use of the

same number of axles, 24, in dynamic brake provides an increase as shown by the

lighter intermediate shaded area on four units produced subsequently; the top curve

shows the amount of braking effort available from tlie same 24 axles in dynamic

brake on current locomoti\e units. This illustration reflects the significant increase

in braking level available, an increase not apparent when the operator considers

only the number of axles imolved. In addition, the current models have available

what is referred to as "extended range" dynamic brake which makes available the

maximum level of braking down through the lower speeds which are normallji

in\olved in traveling oxer such areas as turnouts, crossovers, tight curvature, oi

temporary or poor track conditions.

In addition to these two factors ( the approximate 40% increase in braking effort

available with the same number of axles, and the availability of the extended

range braking), changes in the electrical control of the dynamic brake also make
it possible to obtain increasing braking levels from what was available in the past

LBS.-8.E.
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when iiiiiltiplf-unit consists of nioiv than fonr nnits are used. Initially, what is

referred to as a "field loop" type control was used with which it was unable to

provide increased braking effort if more than four units were used in luultiple;

the "potential trainline" type of control available today makes it possible that

multiple units beyond four in number will add directly. On a 6-unit consist, this

alone can represent a 14% increase in the amount of braking available for the same

number of axles. For all these reasons, it is possible, as mentioned earlier, that this

does represent a greater "tool" than is realized by some operating personnel.

In regard to the dynamic aspects, the following points are of importance:

1. Relatively high run-ins can \ye commonly measured, in the range of

250,000 to 300,000 lb, in locomotive braking practice today, and there

is little or no reaction felt in the lead cab where the crew is located. The

reason for this is that a 6-unit consist can represent almost 2^/^ million

pounds of mass, and the 300,000-lb buff or run-in occurring between

the trailing locomotive and the first cars in the train do not give much
reaction to the lead cab when acting through that much mass and the 11

intermediate locomotive draft gears. Thus, it is impossible to determine

whether braking practice is satisfactory by the "feel" in the lead cab.

2. It has not been possible to develop a universal dynamic brake handling

procedure which would always be best. This is because it depends on

the train makeup involved, and the terrain being travelled over. There are

some procedures, however, which are very undesirable:

a. It has been found that some personnel fail to provide the recommended
10-second delay in switching the selector handle from power to brake.

If this switch is made rapidly, the residual magnetism in the generator

can serve to give a high peak dynamic braking level immediately with-

out any throttle motion made by tlie operating personnel. This has

been confirmed in tests with substantial run-ins measured.

b. Rapid buildup of the brake or "wiping out" of the handle can give

high run-ins.

c. Applying or maintaining high braking levels at turnouts, curves oi

crossovers where there is reason to consider conditions may be less

than desirable can result in unsatisfactory conditions.

3. In almost all tests, the worst conditions have consistently been found to

be on cars near the locomotive consist. This is particularly so with empty

cars, and it is further exaggerated when the long-overhang TTX-type

cars are placed adjacent to the locomotive. This is because cars in this

position are subjected to the maximum drawbar values, often without

having the substantial vertical load of the locomotive present helping to

stabilize the wheel on the rail or the rail on the tie.

VI. MECHANICAL CONSIDERATIONS

There are a number of mechanical areas involved in the locomotive which can

and do affect the wheel-rail loading. Among these (although there are many others)

are: the alignment control draft gear, matching wheel sizes, and maintenance of

truck bolster stops where necessary.

A number of years ago, when multiple-unit consist operation first became

used it was found that under conditions of significant locomotive buff, either
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braking or pushing, a phenomena occurred referred to as "jackknifing." This is

simply the condition in which the locomotives skew relative to one another within

the clearances available between the locomotive carbody and the track. This in-

cludes wheel-rail clearances, axle clearances, and the lateral clearances between

the truck bolster and the truck frame. As a result of this the couplers between

adjacent units are at an angle to the unit and, therefore, the buff load develops

a lateral force component reacted at the truck centerplate and subsequently at

the rail. At that time the best manner determined to control this jackknifing effect

was to substantially reduce the lateral clearance between truck frame and truck

bolster from the approximate 2% inch per side dimension present on the 4-axle

trucks involved, to V2 inch per side by applying what is referred to as "bolster

stops." By reducing the amount of shifting and skewing possible, these stops re-

duced the lateral component which could be developed and successfully limited

the jackknifing forces involved, although they can increase the roughness of the

ride laterally in higher speed operation.

In more recent years a coupler arrangement kno\\Ti as the "alignment con-

trol" draft gear has been used on road locomotives. This coupler arrangement pro-

vides a resistance to coupler angling in heavy buff conditions, which more success-

fully combats the jackknifing efliect which can occur in heavy buff whether on

tangent or curved track. Under common operating conditions today, the use of the

alignment control draft gear, maintained in satisfactory operating condition, is

mandatory to prevent significant lateral rail reactions. Fig. 26 illustrates a locomo-

tive consist and the first two cars of a train actually involved in a derailment which

\\'as investigated. The consist is three 6-axle locomotives and three 4-axle loco-

INFLUENCE OF ALIGNMENT CONTROL a GAGE WIDENING

ON CONSIST INVOLVED IN DERAILMENT ON A 4* CURVE
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Fig. 26
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motives with TTX cars immediately behind the locomotive. The numbers indicated

in the illustration are the lateral reactions icsiiltinj? at the truck centcrplate due to

the skewing effect which takes place under the huff loading involved in this particu-

lar derailment. This centerplate loading combines with the curve negotiation loads

to effect the wheel-to-rail reaction. In tliis particular ccmsist and on this size curve,

the imit with the highest centeiplate reaction is the trailing locomotive miit, and

of primary interest is the fact that this maximum loading increases from 17,400 lb

at the point of maximum load to a \alue of 40,600 lb if alignment control were

either not present or not maintained to engage properly. Also of interest is tlie

fact, as illustrated in the bottom portion of the illustration, that 1 inch of gage

widening allows tliis maxinuun load to additionally increase approximately 20%.

As noted previously, prior to the use of alignment control draft gears, it was

necessary to apply bolster stops to 4-wheel locomotive trucks used in multiple-imit

locomoti\e braking conditions. Fig. 27 illustrates another actual derailment con-

dition which was investigated. In this case the three leading units were equipped

with alignment control draft gear and the three trailing units, of older vintage,

were not. The top portion of the illustration shows what centerplate reactions would

be expected if all three of the trailing 4-axle units were equipped with bolster

stops limiting the clearance to V2 inch per side. As may be noted the maximum
reaction invobed is approximately 30,000 lb. After the derailment occurred, actual

measurements of the bolster lateral clearances present were made, and it was found

that the fifdi unit in the consist did not have bolster stops applied while the fourth

and sixth units did have bolster stojDs; but tliese had become worn over the inter-

vening years since application and resulted in lateral clearances per side of up to

about 1% inch instead of % inch. The result of these actual lateral clearances

involved was sufficient to increase centerplate reactions to 67,000 lb, certainly

INFLUENCE OF TRUCK BOLSTER STOPS ON GP a F UNITS

IN CONSIST INVOLVED IN DERAILMENT ON 3** CURVE

3800 5820 7950 26800 29600 32500

830 1300 10550 23300 27600 2200 3300

22 MPH GP a -F UNITS WITH BOLSTER STOPS

3800 5820 1300 6440 35950 67000 62700 300 3700 •

S^S
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Fig. 27
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Fig. 28

.sufficient to be of concern as a possible cause for the derailment. Two additional

points may be noted about this situation: The three trailing units were being

shipped "dead" in the train and there was some misunderstanding that they there-

fore did not require the same consideration as if powered. However, as long as

they are sul)jected to the locomotive braking buff loads developed by the leading

powered units, whether the units in question are dead or powered, does not affect

the center bearing reactions. Secondly, because some railroads have understandably

chosen to keep 4-wheel trucks interchangeable imder locomotives of difierent vin-

tages, it has been found that in .some ca,ses trucks without bolster stops from imits

with alignment control have become applied to older units without alignment con-

trol without the bolster stops being added.

Wheel size matching witliin a truck and within the locomotive can be very

important, as illustrated in Fig. 28. It is not uncommon to find 6-axle locomotives

operating today in which wheel sizes within one of the trucks are mismatched well

beyond recommended limits. This can and does make substantial change in the

wheel loads present affecting the locomotive tracking conditions, l^'ig. 28, for ex-

ample, indicates that wheels mismatched by 1 inch in radius or 2 inches in diameter

on the middle axle can cause a change in axle load of approximately 12,()()() lb. In

addition, this mismatch affects motor tractive effort distribution and axle load dis-

tribution, both of which influence attainable tractive effort the locomotive can
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develop. It seems largely since the advent of wheel truing machines that difficulties

in wheel size measurement and matching have become common and that this area

deserves greater attention.

CONCLUSION

It is difficult to summarize all the factors discussed above. Considering what

areas seem to deserve the most attention would indicate the following:

1. Locomotive Braking Practice:

a. Delay in power-to-brake transfer.

b. Gradual buildup of braking level.

c. Control of braking level over conditions such as crossovers, turnouts,

and curves.

2. Track:

a. Gage widening not excessive.

b. Level of rail irregularities.

c. Possible thermal strain investigations.

3. Mechanical:

a. A 6-wheel locomotive truck supporting 195,000 lb adhesive weight

has lateral loads 40 to 45% higher than a 4-wheel truck supporting

130,000 lb.

b. Freight truck forces measured due to curving are of similar magnitude

to a 6-wheel locomotive truck.

0. Proper alignment control in draft gears.

d. Proper bolster stops on units without alignment control.

e. Long-overhang cars, especially empty cars, should not be near the

locomotive consist in braking operation.

f. Wheel size matching.
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Billy Bohannan: What we are going to do this morning is give you some

general information on the engineering properties of glued laminated timber. We
will also show a short movie on some of the testing that we have done in the past

couple of years on large members, and then we are going to try to answer your

questions. Our panel includes four of the most qualified people in the United States

to answer questions on glued laminated timber.

We like to think that glued laminated timber is now recognized as one of tlie

major engineering materials of construction. This material was first introduced in

Europe as early as 1900. It wasn't introduced in the United States until about

1934. We claim the first major building built of glued laminated lumber is at the

Forest Products Laboratory. It was built in 1934. Two other buildings were built

in Wisconsin about the same time, one a high school auditorium and the other a

night club dining hall. All three of these buildings are still giving very good

service.

We started glued laminated timber research at Forest Products Laboratory in

the early 30's, including studies on manufacturing and design criteria. This research

actually forms the basis of the glued laminated timber industry in tlie United

States. We have continued research at the Laboratory throughout tlie years; major

extensive research has been done since 1960, particularly in regard to large glued

laminated timbers.

Members of almost any size and shape now can be and are l^eing built. Today

we have many buildings with simple spans, straight beams, over 100 ft in length.

There is one building near Chicago that has a 138-ft clear span. A building in

California has a center ridge beam tliat is 10 ft deep and 130 ft long. These are

big members.

Note—Discussion open \mlil October 15, 197L
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\r;iny curved douie structures have clear spans in excess of 200 ft. The first

I)ii: wood dome structiue has a 3()8-ft span. This is on the Montana State University

campus in Bozeman, Mont. The largest one I know of that has been built recently

is a 344-ft clear span dome structure at the University of Utah. So big buildings

are possible with glued laminated wood. But glued laminated wood is not restricted

to buildings. It can be used in bridges. Th<> use in bridges dates back to 1944. One
railroad—the Texas & Pacific—placed 11 glued laminated stringers in a bridge in

1944. In 1945 the Southern Railway used glued laminated stringers in Alexandria,

Va. In 1948 a l()3-ft highway bridge was built in Oregon with glued laminated

arches. Also in 1949 a 117-ft 2-hinged-arch railroad bridge was built in Oregon.

Very recently a major three-level interchange was built in South Dakota with

laminated timbers. The top level of this interchange is 288 ft long. The center

portion of this is supported on arches spanning 155 ft. So, these are just a few

examples to indicate that glued laminated timbers are u.sed in buildings and also

used in exterior exposure such as bridges.

We should talk about the advantages and disadvantages of glued laminated

wood. Some of the advantages: we can make the large members out of standard

size dimension stock; from small pieces we can make up very large pieces. As I

have .said, members of any size and any shape can be built. About the only diing

that limits their dimensions is transportation. We can built almost anything we
can move. The small pieces are very thin. We can dry them and then we can

manufacture the laminated product and end up with a member that will be rela-

tively uniform in moisture content and will not check excessively in service. We
can vary the cross section of the structural members to meet tlie engineering de-

sign. They don't have to be uniform throughout. Arches, for example, usually have

a varied cross section. We like to think that we make more efficient use of ouv

timber resources tlirough use of this glued laminated process. We can take the bet-

ter material and put it where it will best be utilized—put the higher strength pieces

on the outside and the lesser strength pieces on tlie inside, thus providing a better

balanced construction.

Glued laminated timbers can be preservatively treated tlie same as solid-sawn

timber. Also, we can treat the thin laminations prior to manufacture if we want to.

We can treat them and then manufacture them into a finished product that has

almost imiform 100 percent treatment throughout

I could go on with the advantages. I have mentioned only a few. Naturally,

however, there are some things we have to call disadvantages: The large timbers

are awkward to handle and awkward to transport. The manufacturing of the large

glued laminated timbers requires controls, special equipment and transportation

facilities that are not required for solid-sawn timber construction. With this there

is an increase in cost. The first cost of glued laminated timber usually is more

than solid-sawn timber. However, when we start thinking of glued laminated timbei

we should think of the in-place cost of the finished product, not initial material

costs. Part of the first cost will be offset by die advantages of glued laminated

timber.

The American Institute of Timber Construction was organized in early 1950.

This is a non-profit technical association of manufacturers who design, laminate,

fabricate, assemble and erect load-carrying, solid-sawn and glued laminated timber.

With the development of this organization, some uniformity was afforded in the

manufacture of glued lanunated timbers. This group was mainly responsible for the
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development of the U. S. Commercial Standard CS-253 for structural glued lami-

nated timbers. We at the Laboratory served as advisors on this standard but !he

industry primarily prepared it. The purpose of this standard is to provide a common
basis of imderstanding regarding sound practices in the production, testing, inspec-

tion, identification and certification of structural glued laminated timber; and to

encourage production of a dependable product that will meet the needs of engi-

neers. With the development of this standard and the accompanying manufacturing

quality control requirements, glued laminated timber, we think, has achieved greater

acceptance as a reliable engineering material.

During the preparation of this standard, in about 1960, the industry, we at

the Laboratory, and tlie users of glued laminated products became concerned about

the design criteria we applied to very large members. So this really started some

new research on glued laminated timbers.

We like to think the reliability of any engineering product is dependent on

how much it has been researched. The current specifications that came out in July

1970 for glued laminated timbers are based on tests of more than 600 structural

beams. The first series of these beams was tested in the mid forties; these were

only about 12 inches deep and 18 ft long. This may or may not be considered

structural size, we like to think it is, but beams of this size are very small compared

to the beams that are now being manufactured. Thus, we started re-evaluating

criteria for large beams. In the late 1950's three 60-ft-long beams were evaluated,

one of them at the AAR Research Center here in Chicago. Two others were evalu-

ated at a university laboratory.

Starting in the early 60's we tested 75 smaller beams at the Forest Products

Lab. The data obtained prompted some additional research. In 1966 we tested six

50-ft-long, 2/2-ft-deep beams at the AAR lab here in Chicago. Since 1968 more tlian

200 large beams, 40 and 50 ft long, have been tested, about 60 of them at the

Forest Products Laboratory. The rest of them have been tested by the AITC and

by individual laminators. Also during this time tliere has been major research in

Canada on glued laminated structures. The Canadian Forest Products Laboratory,

I know, has tested more than 100 beams. In addition to these beam tests, approxi-

mately 150 beams have been tested at the AAR lab in Chicago. This work is spon-

sored by Committee 7 in connection with its studies on the fatigue strength of full-

size bridge stringers.

Much of the research data we have obtained, particularly in the last five years,

has been used in the development of the standard specification for structural glued

laminated timbers that was developed by the American Institute of Timber Con-

struction and became effective in July 1970. This specification recognizes the im-

portance of very carefully selected laminations, and requirements for these lamina-

tions are written into the standards. I have said glued laminated timber was finst

introduced in 1934 and it has developed into a major engineering material. There

are many new things on the horizon as far as grading of material is concerned, and

we believe these can only lead to making the properties of glued laininated timbers

more predictable. We have strong and durable glues now. Modem preservati\e treat-

ments are available to insure long life, outdoors as well as in. With the constantly

improving technology in the u.se of wood, we expect that botli glued laminated tim-

ber and solid-sawn materials will be increasingly used in stnictiual applications for

a long (inic.
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Research, such as has been conducted in the last 10 years at the Forest Products

Laboratory and in other laboratories, has resulted in more reliable design criteria

for large glued laminated timbers. As new research data become available, it will

be carefully analyzed and appropriately used in the development of new specifications

for structural glued lannnated timbers.

Mr. Bohannan (continuing): I would like at this time to show a 6-minute

movie of one of our big beam tests. A similar test was conducted for Committee 7

members when they met at the Lab. We actually broke a beam for them. They felt

they learned a lot from seeing a beam tested. We feel that you will also learn some-

thing from seeing one of our 50-ft beam tests. [The movie was shown.]

Mr. Bohannan: I would now like to open the meeting for any questions you
might have.

Question: What are the relative strength properties between what we might

call old growth or virgin timber and second growth timber?

Mr. Bohannan: There are some differences in strengtli because the materials

are different. Second growth timber has had faster growth, has wider rings, possibly

less summer wood, and less of the dense material in it. If it came from the smaller

trees, it could have more knots in it. All these factors do affect strength. However,

they are all reflected in the grading of the material so I will say if properly graded,

old growth and new growth timber would have essentially the same strength proper-

ties. The factors that affect strength are considered in the grading of the material.

Question: There has been a strength-size relationship developed for wood and
this strength-size relationship is based on ultimate load, not on design factors.

Should this apply to stresses well below the proportional limit?

Mr. Bohannan: I guess we can't say definitely that it does apply, but I feel

diat it does. The design strength of timber is based on ultimate strengtli and tlien

reduced for certain factors to get back to a design strength. This is the way his-

torically that wood stresses have been developed, on the ultimate strengtii concept.

If that is the way we will continue to do it, then tlie size effect relationsliip should

apply because we need to know the ultimate strength of the little piece as well as

the large piece before we can start applying strength factors to it to get to a working

stress in structures. Therefore, I feel tlie size effect that has been developed should

apply to design factors.

Question: How does glued laminated timber compare in cost with solid-sawn

timber?

G. R. BmKEMEiER: I am with Timber Structures, Inc., in Portland, Ore. We
don't have our own source of timber supply so we have to purchase bodi our

laminating stock and our sawn timber on the open market. The price figures I will

give you are the prices as of last week in Oregon. We find that mills that will

custom-cut large solid-sawn timbers are becoming more scarce all the time. It is

becoming more and more difficult to find mills diat will furnish tliese large timbers.

I checked with a few mills last week and here are some cost comparisons: Timbers

in the sizes of 10 by 10 inches to 12 by 16 inches, in lengths up to 40 ft in select

structural grade, f.o.b. mill, were last week $200 to $225 per tliousand; in 40- to

50-ft lengths, $250 a thousand; in 50- to 60-ft lengths, $300 to $325 per thousand;

and 60 ft up to 85 ft were $425 per thousand. I did find one mill last week in

Oregon that was cutting some 85 ft sticks.
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Now another factor to consider in the cost of solid-sawn timbers is the surfacing

that is necessary. Very few mills can surface timbers that are over 40 ft in length.

So another cost factor in these large solid-sawn timbers is their transportation to a

facility tliat can siuface them.

Now let's compare this to the cost of glued laminated timber. Again, for select

structural industrial grade glued laminated timbers, in a glue-lam plant in Oregon

(this is for industrial grade with waterproof adhesive) the cost last week, or the

selling price, ran between $175 per thousand and $225 per thousand. Now this

was for any size of timber up to, say, 150 ft in length.

Dan O'Byrn: Weyerhaeuser Co. is one of the major laminators. We produce

a lot of our own stock and sell a lot of solid-sawn as well as glued laminated timber

We feel that glued laminated timber is very competitive with our solid-sawn stock,

especially if the comparison is made on the basis of working stresses. In glue-lam

you are getting 2400 psi vs. 1200 psi, so we feel it is very competitive. In order to

remain competitive we actually have three laminating plants, and we are producing

around 300,000 ft a day or we have the capacity to do that. We feel in order to

stay in the wood business we have to do laminating.

Question: What is the availability of glued laminated material?

T. G. Wn^LiAMSON: I would like to say very simply that glued laminated tim-

bers are available wherever you need them. AITC has some 33 member-plants

throughout the United States—from the West Coast, California, Washington, Ore-

gon, across the United States into the South East and New England. It's not the

location of the plant that is so important, but tlie cost of the product delivered to

the project site. In many cases a plant in Oregon will get the bid on a job in Con-

necticut, let's say, when there is a laminator in Massachusetts, and transportation

costs become a factor togetlier with the basic cost for the lamination to produce the

member. Laminated timber is available, though, wherever and whenever you need

it, and as I said, our member plants are located throughout the country.

Question: How much lead time do you have to have to get glued laminated

timbers?

M. J. Rhude: Laminated wood is made primarily of nominal 1-inch or 2-inch

laminations; this material is axailable in inventory, and if anyone wants a laminated

railroad tie, bridge stringer or cap, it is obvious that little or no lead time is required.

It is just a question of taking tlie wood, possibly end scarfing it, horizontally

laminating it, and you have a member going to the finishing end. When we talk

about curved members and members that provide a 200- or 300-ft clear span, with

moment connections, the lead time required would be different. Now there must be

tlie engineering of the product and the making of shop drawings. This could involve

6 weeks or 12 weeks; but the actual time from starting the members through the

plant until they come off tlie finishing end seldom is more than two or three days

or a week at the most.

Question: Can you replace a solid-sawn timber with a glued laminated timber

of a smaller cross section?

Mil. Rhude: Let's talk about a short-span stringer where shear is going to gov-

ern the design. In a solid-sawn stringer the shear stresses vary with the species

but they are roughly one-half the value for a laminated stringer. So you could use

a smaller cross section.
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It was just inentioned that hendiiiK stresses in solid-sawn tinil)er may be 1200

psi and in laminated timber, 2400 psi, so it is obvious that the sizes ean be different.

But you have to talk about a specifie member; the Ko\'erning stresses determine

the size.

Question: What is the expected service life span of a treated glued laminated

member?

Mr. Williamson: AITC does not represent the treating industry, but we do
have a treating standard in the AITC Timber Conditioning Standards Series. It is

our belief that if you select the right treatment and get die proper retention and
penetration, the service life of a treated timber is indefinite. As long as it is given
some care during storage and erection, it should last indefinitely.

Question: Can railroads treat glued laminated timbers in their own plants?

Mr. Bohannan: There is no reason why you can't buy the timbers and treat

them in your own plant. If you can treat solid-sawn timbers, you can treat glued

laminated timbers.

Question: How effective is preservative treatment to prevent decay?

Mr. Rhude: Back about 1900 this Committee on Wood Bridges indicated they

didn't know whether wood could continue to be used in bridges. Of course, tliere

was no treatment then. So it looked like there was a sad period aliead.

However, treating came into existence and has been used extensiv-ely, starting

about 1920. Some 50 years have elapsed and many of these treated timbers are still

performing excellently.

Then we have laminated wood that was treated and placed in service as early

as 1944, so we have a lot of experience in that area also about the effectiveness

of the treatment.

It was mentioned this morning in connection with tlie discussion of the current

AAR bridge stringer tests that tliere was a decay problem in some of the untreated

materials that were stored outside. Timbers, of course, were never meant to stay

outside if tiiey are untreated. The untreated stringers were made of kiln-dried mate-

rial, had a low moisture content (in the 11 and 12 percent range), and were wrapped
in a polyethelene container and overwrapped with some furniture wrapping paper.

But being stored outside and having the paper torn, water entered to a depth of

several inches in the wrapping. After one year of outside storage, some incipient

decay existed. There were also 12 preservatively treated stringers and tliey were
stored in the same manner. Their containers also became completely filled witii

water, but there was no sign of decay. This was just for a year, so, of course, you
could not say this is an indication of the effectiveness of the treatment. I just use

this as an example. You wouldn't be using timbers on the railroads if it were not

for the treatments. With your own 50 years of experience with treated wood backed
by the experience in other fields where laminated wood or solid wood treatment

has been used, you can certainly have assurance it will last.

Mr. Bohannan: At the Laboratory we have had treated wood as tlie fomida-

tion under a house. Now this application is a little different than in bridges, maybe,
but not too much. This house was on treated 6- by 6-inch sawn members for .30

years. About 2 years ago we moved the building to a new site. We took up the

posts—they were buried in the ground to a dejitli of 6 ft—and we evaluated the
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posts. Basically they had the same properties as they had 30 years ago when tlaey

were put in. We know treating practices in the last 30 years have greatly improved,

so tliis is one indication of the effectiveness of preservative treatment. We are pro-

moting wood posts for houses, nowadays, at tlie Laboratory. We think it is a very

inexpensive way to put down a foundation. We wouldn't be promoting this prac-

tice unless we thought the timbers were going to last 50, 60 or 70 years, or more.

Mr. Rhude: I might also mention that in tlie early 50's a large number of

mine-sweepers were built at the time of the problem in Korea. This material, of

course, is in and out of the water; it performed excellently.

Question: What about the durability of the glues that are used in glued

laminated timbers, both in treated and untreated members, and how are the glues

affected by the different climates we put our glued laminated timbers in?

Mr. Birkemeier: It is my feeling that the modem-day adhesives, both the

resorcinol, the phenolic resorcinols, and tlie phenolic resin adhesives are as durable

as the material itself for practically any environment the timber is suited for, and

tliat applies to both the treated and untreated material.

Mr. Retode: The perfonnance of the waterproof adhesives applied to mine-

sweepers and aircraft carrier decking in the early 50's—20 to 25 years ago—cer-

tainly indicates that they can withstand severe service. In the last several years,

many of the laminators have furnished laminated wood for large bulk storage build-

ings for various chemicals and fertilizers. We at Koppers have, widi the fullest of

confidence, placed laminated wood with the various waterproof adliesives in tliat

type of environment. As a further check we have a large number of smaller samples

in such buildings exposed not only to the atmosphere tlierein but also buried in

tlie chemicals themselves. We have been making a series of tests every 6 months

or 12 months, to learn more about this particular application.

Mr. Bohannan: I tliink glues are available that are very durable. This is the

secret: when you order glued laminated timbers for an out-of-doors application,

request a durable glue—a waterproof glue. You will get it from the laminators.

Question: Have fatigue tests been run on large members?

Mr. Bohannan: We have not at the Forest Products Laboratory run any

d>Tiamic tests, fatigue type, on full-size members. We have run a lot of fatigue type

tests on the wood itself, i.e., on solid wood, small clear specimens, not structural

lumber. At 30 million cycles the fatigue strengtli was about 50 percent of the static

strength.

Question: Are there any places on the railroads where glue-lam timber cannot

be used in place of solid-sawn timber?

Mr. Bohannan: I would say that tliere is no place. Glue-lam timber has tlie

same properties as solid-sawn timber. I don't see any reason why you couldn't use

glue-lam material any place that you are now using solid-sawn material.

Mr. Rhude: Being practical, I can think of an example. If tlie cross section

desired is small enough and the length is short enough, you are going to use solid-

sawn material for economic reasons.

Mr. Bohannan: I think the question had to do with durability and environ-

mental factors rather than cost factors.

Bui. 633
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Design of Pavements for Container IHandling Areas

72-633-5
By

F. L. PECKOVER
Engineer of Geotechnical Services

and

W. W. WONG
Senior Geotechnical Engineer

Canadian National Railways

INTRODUCTION

Many railways today are involved with the handling of containers and trailers,

some on a considerable scale. Although the degree of involvement varies widely,

facilities for container handling are absorbing greater amounts of railway capital

every year. For example, the import-export container volume handled by Canadian

National is expected to increase by 133% during 1971.

Container-handling terminal facilities include storage, traffic areas for both

handling and rolling stock, and the handling equipment itself. In AREA Bulletin

625 of January 1970, Committee 6—Buildings, has already given information to help

in planning COFC/TOFC terminals and selection of equipment. The infonnation

includes criteria for terminal efficiency, general considerations in choosing and

equipping mechanical handhng machines, discussion of various loading methods
and equipment, and recommendations on terminal design requirements.

The planning of terminal space and choice of equipment to transfer con-

tainers between any two of ships, rail cars, trucks and storage areas is a study to

which Committee 6 plans to devote continuing attention.

The design of structures and services for terminals is a job which most rail-

ways carry out either through their own engineering staff or through consultants.

The design of pavements for container handling, on tlie otlier hand, presents a

problem which is new to some degree to railway and consulting engineers alike.

This is because the loads carried are unlike those for any other engineered struc-

ture. Loads may be as high as 113,000 lb per tire, a figure not exceeded by to-

day's heaviest aircraft. In addition, the frequency of loading along certain patlis

of travel, as between stacked containers, is very high for such heavy loads, and

beyond that for which airport runways are designed.

At the same time the present competitive nature of the container business and

the possible short effective life of facilities due to changing intermodal concepts

make it essential to keep both capital and maintenance costs down. These conflicting

requirements of heavy traffic intensity and low cost, combined with lack of design

information, have resulted in failures of pavements on one hand and probable over-

design on tlie other.

The purpose of tliis paper is to assemble for reference the design procedures

for pavements for container and trailer terminals. Some construction requirements

are included.

The recommendations are adapted from standard practices from the autliors'

experience, necessarily limited, as the need for such designs on CN projects only

developed in 1968. It is hoped that tlie contributions of discussers will broaden

the information given.

Note—Discussion open until October 15, 1971.



Paper by F. L. Peckover and W. W. Wong 537

MOBILE HANDLING EQUIPMENT

Container handling equipment is chosen for a particular type of terminal op-

eration. Before total costs can be assessed, load-carrying capacity and operating

characteristics must be considered in choosing the type and thickness of pavement

stnicture to be provided. The characteristics of equipment which will have the

most influence on jpavement design are:

• distribution of maxinnnn loads on single or dual wheels;

• operation of equipment, whether on fixed paths or in a random pattern

which will affect the frequency of load application and the fatigue life of pavement;

• scrubbing and tearing action on the pavement surface during pivoting and

turning of wheels while stationary or moving slowly.

A great variety of handling equipment is available at present to suit any par-

ticular terminal operation. Types of equipment now in use include:

Front loading, vehicle (Photo 1)—Wheels may be in tricycle or four-corner

arrangement with front axle very heavily loaded, up to 113,000 lb per wheel during

transfer operation. Traffic pattern will be random or concentrated depending on

whether stored containers and parked rail ears are spotted in random or fixed

positions.

Side loading vehicle (Photo 2)—Dual tires on each corner with side wheels

taking maximinn load of up to 50,000 lb during transfer operation. Wlieels normally

turn without pivoting. Extendable side jacks may exert a pad pressure of up to 85

psi. Traffic pattern will be concentrated beside rail cars or container stockpiles.

Mobile straddle crane (Photo 3)—One tire on each corner with maximum load

of up to 95,000 lb per wheel. Operates on fixed path so traffic is very concentrated.

Some models can move sideways by pivoting wheels through 90 deg.

Straddle carrier (Photo 4)—One wheel on each corner, sometimes tandem

wheels at one or both ends. Maximum load 26,000 lb per wheel. Traffic pattern

is random or very concentrated depending on whether containers are stored in

random positions or stacked in rows.

Wharf crane (Photo 5)—Usually runs on rails, with load depending on num-
ber of wheels. Design for rail loads on groimd and against wharf face can be

made according to normal practice and is not covered in this paper.

BASIS OF PAVEMENT DESIGN

The approach to the design of pavement structures to support container

handling equipment is based on design methods for airport runways which support

loads up to the same order of magnitude. Information required for design includes

the magnitude, distribution and frequency of wheel loads applied, and soil, drain-

age and environmental conditions which control the supporting \'alue of the ground

at the site. Lack of adequate knowledge of these factors can lead to costly failures.

Design of a pavement structure primarily inxoKes finding the thickness of sur-

face course, base and subbase courses of imported materials which must l)c placed

over the native soil to carry the magnitude and frequency of loads applied without

distress. As the strength of a pavement structure depends on the load distribution

characteristics of a layered system, each layer must be thick and strong enough to

prevent .shear deformation of the underlying layer. The problem is to estal)lish
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Phofo 1—Front loading type of container handling vehicle.

Photo 2—Side loading container vehicle.
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Photo 3—Mobile straddle crane for containers.

Photo 4—Straddle carrier for containers.
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Photo 5—Wharf crane.

what combinations of layer thickness will be the most economical to give the ex-

pected life and sei-vice performance.

There are two basic methods of pavement design. These are known as the

California Bearing Ratio (or CBR) method, most commonly used for the design of

flexible (bituminous) types of pavement, and the Plate Bearing (or k value)

metliod, generally used for the design of rigid (concrete) types of pavement.
In container-handling facilities, concrete pavement should be used for runways

on which fixed-path vehicles such as mobile straddle cranes operate continuously,

and elsewhere when its use results in a minimum construction cost. Bituminous

pavement should be used for economy in construction cost and where concrete

paving is not required. The loads carried by eidier type of pavement are such that

the quality of pavement, base and subbase must be strictly controlled. Details are

given in tlie section on construction requirements.

If, as often happens, an intermodal terminal is planned as a temporary facility

for future expansion, planners often ask if a temporary pavement can be pro\'ided

at minimum cost. They may not realize that a pavement which is underdesigned

for the loads it carries is like an engine subjected constantly to a load beyond its

rated capacity. It will soon fail. A heavily travelled container-handling area must be

designed to reliable standards to survive even a few weeks.

This was shown in a container yard which was served by a mobile straddle

crane travelling along a fixed path and therefore applying a high frequency of

loads. Based on an evaluation of site conditions, the design thickness of the pave-

ment structure was recommended as 24 in. Funds for the project were very restricted

and it was decided, over the protests of the designer, to reduce the thickness to

15 in.

The result is shown in Photo 6. The failure was so serious that the crane

bogged down several times and gravel was used to fill the ruts formed by the tires.
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Photo 6—Failure of runway for straddle crane due to insufficient thickness of base.

In such cases it would surely be better to consider reducing the area rather than

tlie thickness of pavement.

WHEEL LOADS

Equipment wheel loads are distributed to pavements by tires, and tlius tire

pressure is a factor in pavement design. As the nature of tlie distribution of load

under a tire is only generally known, the average contact pressure over the area

of contact is used for design. Load, pressure and contact area are considered to be

interrelated by the equation:

P = pa

where P^ maximum wheel load (pounds)

)) = average tire pressure ( pounds

)

a = average contact area ( square inches

)

The values of P and a are usually estimated from manufacturers' information relat-

ing to load capacity and size of tires. With P and a known, the axerage tire pressure

p can be calculated.

If the ma,\imum load is applied through dual tires, the appro.ximatc equivalent

single wheel load for pavement design may be CvStimated from the equation:

Pr = q + q
d' + b'
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TAPIS 1—Classification and '">esign Cliaracteristice of Soil Types

from referenos (17)

where F« ^ equivalent single wheel load ( pounds

)

q = load on each dual wheel ( pounds

)

(Z z= total depth of pavement structure (inches)

h = clear distance between wheels ( inches

)

Major Divisiom

(I) (2)
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PoKrnti.l

Ftosi

Action

(7)
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All materials should bo identified down to a depth of about 10 ft below final

Srade or to dense, competent K'ound above this level, using test pits, auger borings

or other exploration methods (4). The level of ground water should be read in

each hole after it has stabilized. Spacing of holes may range from 100 to 300 ft

depending on the size of project and variability of ground conditions. The extent

of unsvu'table subsoils such as soft or highly plastic clay or silt, and organic or

otiier compressible layers, should be found. Table 1 will help to identify such

materials.

It is most important that all soils materials be identified (5) and classified

according to the unified soil classification system (6), as estimation of values and

other important characteristics may depend on such classification. The organization

of this classification system is given in Columns 1, 2 and 3 of Table 1. Moisture

contents, plasticity indices and unconfined compressive strengths or field vane

strengths of silt or clay soils may be needed to help in accurate classification.

As the site study proceeds, longitudinal and transverse soil profiles should be

prepared showing the zones of materials found and ground water lexels. These pro-

files are useful in planning for grading and drainage.

In freezing climates, frost depths may be found from city street departments ot

local utilities.

DRAINAGE

Container terminals generally require wide and extensive areas with flat grades

Good surface drainage is obviously important to maintain good working conditions

and avoid deterioration of pavement from freezing and thawing of water. Good sub-

surface drainage is equally important to minimize frost action and prevent satura-

tion of the base and subbase materials. The drainage characteristics of various soil

types are shown in Column 9 of Table 1.

Saturated silts and fine sands create a particular drainage problem as, when
subjected to frequent traffic loads, they tend to become "quick" and lose strength

substantially. A case is known where a runway designed for heavy aircraft loadings

failed a few days after it was made available to a contractor to haul gravel to a

nearby construction site. Investigation showed that the saturated silt supporting

the pavement had failed due to the high repetition of loads, even though they were

relatively light.

In general, subsurface drainage should be designed to control the ground watel

level to a depth well below the bottom of pavement base and low enough to avoid

frost action in the subgrade and subbase.

Design of drainage systems for paved areas is reviewed in literature (7)

COMPOSITION OF PAVEMENT STRUCTURES

A typical cross section of pavement structure is shown in Fig. 1. The function

and choice of materials for each of the elements is discussed below.

Subgrade Material

The subgrade or natural ground is the foundation of the pavement structure.

The comi^etence of subgrade soil types and their tendency to compression or swell-

ing imder pavements are given in Colunms 4 and 8 of Table 1. Their tendency to

frost action is shown in Column 7.
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Surface Course

Total thickness
of pavement
structure

^ ^-^o ^fO.- ^^"^

Base Course - select material,
compacted

Subbase Course - less select
material,
connoted

^-^N^^'-^'v^^^^'vVV^^s^Vj^S.S/^^

Subgrade - natural soil or fill

Typical Cross-Section of a Pavement Structure

FIGURE 1

Soft, organic or other unsuitable layers may require excavation or the thick-

ness of pavement structure must be increased to compensate for their low strength.

The supporting strength of some subgrade soils may be improved economically by

stabilization. In any case, uniformity of tiie subgrade bearing surface will be im-

proved by scarifying, disking and thorough compaction before any overlying fill is

placed. After regular compaction, proof rolling witli heavy rubber-tired rollers can

be used to further increase the density of subgrade and show tlie location of any

remaining unstable areas (8).

Materials considered for fills between subgrade and subbase may be evaluated

in the same way as subgrade materials.

Subbase Material

Material of a higher quality than tlie subgrade should be used for a subbase

course. Subbases are used to replace imdesirable subgrade soils, provide a uniform

bearing area for rigid pavements, prevent pumping of subgrades, and give a run-

ning surface for construction equipment.

Subbase material should have a CBR value of at least 30 when compacted.

It is often an ine.\pensi\e local material such as pit-run gra\el or crusher-run rock.

In general it should be free-draining and well graded. Colunm 5 in Table 1 may
i)e used as a guide to evaluate subbase material. Specifications of the local city

roads or .state highway departments should be used wherever practical.

Design for possible frost effects on subgrade and subbase materials should also

be based on the practices of these organizations also.

Base Material

-As rigid pavements distribute wheel loads over relatively large areas and re-

duce the intensity of subgrade loading, bases are normally not used with such

pavements or where a subbase meets base requirements. (The layer directK- be-

neath a concrete pa\XMuent is termed "subbase".)

Bases are composed of high quality materials. For flexible pavements tliey

must provide high structural strength to distribute wheel loads. For this reason
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Photo 7—Flexible pavement failure due to inadequate base.

bases usually consist of well graded crushed gravel, rock, slag or other hard, durable

materials. CBR values for bases should be 80 to 100. The value of natural mate-

rials as bases is shown in Column 6 of Table 1. Specifications for base materials

of local road or highway authorities should be used wherever practical.

Use of poor quality or insufficient thickness of base or subbase will result in

lack of support which no flexible pavement can tolerate. An example of failure

from such a cause is shown in Photo 7.

If good base materials are not available, a full-depth asphalt pavement may

be used instead of the normal surface and base courses (9).

Improved Materials

Compaction requirements to achieve best strength for subgrades, subbases and

bases are given in the section on construction re(]uirements.

Stabilization by blending to improve gradation or by the addition of bitumen

or cement to increase strength may be economical to iniproxe available materials

and reduce the required thickness of pavement components. Procedures are found

in the literature.

Surface Materials

Surface courses are either bituminous or concrete. Design for the thickness of

surface courses with the imdcrlying bases and subbases is given below.

THICKNESS DESIGN OF FLEXIBLE PAVEMENT STRUCTURE

Flexible pavements are designed by the following procedure. Examples are

given to illustrate use of the design charts.
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(d) Find tlu' c()iiil)iiK'd thickness ot snifacc and base courses rcciuired from

Fig. 2 iisinfj; an assumed or esliniated C]\U\ \alue for the subbase material to be

used.

Example: Single wheel load =60,000 lb

Compacted subbase CBR = 30

Tire pressure =100 psi

From Fig. 2, combined thickness of surface and base courses

= 11 in.

The thickness of base course alone usually varies from 6 to 9 in depending on

load conditions and the quality of the base material. The surface course for flexible

pavements is normally asphaltic concrete, design requirements for which are given

in reference (11). In the example, the surface course should be of 5 in thickness

if the load application is concentrated and the CBR value of the base material is 60.

(e) Find the daickness of subbase required by subtracting the total thickness

of pavement structure from step (c) from the combined thickness of surface and

base courses from step (d).

Example: Thickness of subbase ^ 23 in — 11 in := 12 in.

(f) Pavement structure required for the example chosen will therefore con-

sist of:

Asphaltic concrete
Base course
Subbase course

Total thickness of pavement structure 23 in

The designer should repeat steps (d) to (f) for available base and subbase ma-

terials to achieve the most economical combination of thicknesses.

Major changes in CBR values of subgrade soils over the site may call for

varying the design thickness of the jDavement structure. However, it is usually more

practical to assume a single CBR value throughout. Where differences in loading

occur over short distances, all the pavement area must be built to die standard

required for the heaviest loads if an irregular surface is to be avoided. This condi-

tion occurs, for instance, where containers are stacked in rows and the handling

vehicles follow paths between them as in Photo 8.

The selection of design thickness should be checked against requirements for

frost action. The consequences of frost action are deformation or heave, and reduced

subgrade bearing strength during spring breakup. The pavement thickness require-

ments for tliese conditions are given in reference ( 12 ) . Requirements for die worst

condition should be adopted as the final design. However, the assumptions of the

design charts should be studied to avoid overdesigning.

When terminals are planned as temporary facilities with future expansion and

development to be taken into account, the flexible pavement structure may be

designed so that a permanent surface course may be added later when required.

A layer of 2 to 4 in of fine crusher-run material of good durability or stabilized

soil cement may be used for temporary surfacing. This type of surface cannot be

considered, of course, where loads are applied on concentrated paths or where

storage of containers in fixed locations requires markings on a pavement. An ex-

ample of a successful application of diis kind is shown in Photo 9. Maintenance

5
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I (

Photo 8—DifFerential loading conditions on pavements where containers are stacked.

Photo 9—Temporary surfacing of well compacted graded crushed stone in container yard.
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is required with temporary surfaces. Dust control and surface conditioning by

periodic applications of road oil, and yradinji to keep a flat operating surface are

both advisable.

THICKNESS DESIGN OF RIGID PAVEMENT STRUCTURE

Concrete slabs are used for rigid pa\euients, designed by the following proce-

dure. Examples are shown to illustrate the use of design charts.

(a) From field bearing tests or soil classification, find the appropriate k value

of the subgrade soil or fill on which the pavement is to be built.

(b) Find the maximum single wheel load and corresponding tire pressure as

in step (b) for the design of flexible pavements.

(c) Assume a concrete 28-day flexural strength. Increase this strength by 10

percent to represent a 3-month strength increase in the concrete before use. Apply

a factor of safety of 1.5 to obtain the design strength.

Example: Concrete, 28 day flexural strength = 520 psi

3-month flexural strengtli = 570 psi

Design flexural strength with F.S. of 1.5 = 380 psi

(d) Find the approximate k value for tlie surface of subbase material, having

regard for the influence of subgrade support. This may be done by plate-bearing

tests on a prepared base of approximately tlie design thickness laid on subgrade,

or by estimating approximately from the k value for subgrade by Fig. 3.

Example: Thickness of subbase = 10 in (assmned)

Subgrade k value = 140 lb per cu in

Top of subbase k value = 200 lb per cu in

(e) Find the thickness of concrete slab required from Fig. 4, entering with

the concrete flexural strength and applying in succession the k value for subbase,

wheel load and tire pressure.

Example: Design concrete flexural strength =380 psi

Compacted subbase k value = 200 lb per cu in

Maximum single wheel load = 60,000 lb

Tire pressure = 100 psi

Thickness of concrete slab required = 12.6 in, say 13 in

(f) Pavement structure required for the example chosen will therefore con-

sist of:

Concrete slab = 13 in

Subbase course = 10 in (assumed)

Total thickness of pavement structure = 23 in

Alternate designs should be compared. The designer must balance out die

thicknesses of concrete slab and subbase to achieve the most economical section.

If there are major variations in k values for the subgrade soils over the site, it may
be advantageous to increase the depth or quality of subbase material to achieve

the minimum thickness of concrete slab required. It is sometimes advisable to as-

sume a thickness of concrete slab and design in the reverse order to find the strength

of concrete needed. Where frost action is a design factor, the approach should be

similar to that described for flexible pavements.
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from reference (13 )

FIGURE 3
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Rigid Pavement Thickness Design Chart

£= 4,000,000 psi.
.yU, =0.15

from reference (13)

FIGURE 4
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The structural design of concrete slabs, including concrete mix, reinforcing,

contraction joints and other details should be done according to standard practice

(14). Keyed and dowelled joints should always be used.

PAVEMENT SURFACES

The surface of rigid pavement is generally not affected by concentrated appli-

cations of load from tires and containers. However, depending on the type and

compactness of asphalt concrete, flexible pavement can be locally damaged by load

concentrations. Sources of such damage and means of avoiding it are discussed

below.

Tire Imprinting and Tearing

In hot weatlier tire imprints can develop in a bituminous surface as shown in

Photo 10. Heavily loaded lugged tires can also damage flexible surfaces if pivoted

while stationary, tearing the pavement as in Photo 11.

An obvious way to avoid damage by tearing is to specify the use of relatively

smooth aircraft-type tires on all vehicle wheels which turn sharply. However, both

types of damage can be avoided by using asphalt concrete with a very high sta-

bility and densely graded aggregate. The type of pavement surface suited to the

traffic and climatic conditions for a particular location should be chosen with

specialist advice.

Trailer Dolly Wheel Imprints

Steel dolly wheels on truck trailers (Photo 12) exerts a very high unit load

on pavements. A prohibitively high quality of bituminous pavement is required to

resist this type of load witliout deformation. Concrete slabs are sometimes built

parallel to loading platfonns to support the dolly wheels. As Photo 13 shows by

the damage in the foreground, this is not always a successful solution to the prob-

lem. A better long-term solution is to replace all dolly wheels with steel pads as

now used on many trailers (Photo 14). These pads distribute loads to a normal

pavement witiiout damage.

Punching Damage from Container Corner Posts

Another source of local damage to bituminous pavements is from corner posts

of containers which protrude about 1 in below die bottom sills of the box (Photo

15). In stacks of loaded containers, as much as 20,000 lb or more may be carried

on one post with irresistible punching force for any asphalt pavement. Damage
caused to pavement is noticeable (Photo 16) but has little actual effect on tlie

traffic or container. Containers resting on their sills are not banned by small

irregularities in pavement surface. Pavement damage could be avoided by providing

a cotnplete concrete surface or concrete pads along the lines of imprints. How-
ever the latter alternative is not recommended as it would result in a composite

pavement surface leading to roughness under traffic—a problem worse than the

original.

The best long-term hope is that containers may be built with the corner posts

extended on top rather than on the bottom, a detail which should be brought to

the attention of equipment manufacturers.

(Text continued on page 557)
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Photo 10—Tire imprint on flexible pavement surface.

Photo 11—Tearing of flexible pavement by pivoting of loaded tires.
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Photo 1 2—Steel dolly wheels on truck trailer.

Photo 13—Damage to asphalt due to dolly wheels on trailers.
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Photo 14—Pads on truck trailer, not harmful to flexible pavement.

Photo 1 5— Imprints of container corner posts in flexible pavement.
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Photo 1 6—Damage to bituminous pavement from rows of stacked containers.

Damage to Tires from Pavement Roughness

Concrete paxements can cause excessixe wear to tlie rubber tires of container-

handling vehicles if two precautions are not observed:

(a) Concrete paxement through trafficked areas should have a smoothed fin-

ish; and

(b) At locations where mobile straddle cranes and similar equipment change

direction by pi\oting their wheels, concrete slabs with a polished surface should

be provided.

CONSTRUCTION REQUIREMENTS

The performance of a pa\ement structure depends to a great extent on the

quality and condition of the materials used and the construction procedures. All

materials and procedures should conform in all respects to the specified require-

ments. An experienced consulting or testing firm can assist in ensuring this by

control inspection and testing during construction.

Requirements for the compaction of subgrades, subbases and bases are gi\en

in Table 2.

Bituminous surfaces should be compacted to a miniuunn of 100% of the labora-

tory Marshall method compaction. The quality of bituminous surfacing material and
the placement and compaction operations must be strictly controlled to good

standards (15).

Concrete surfacing material should be placed and cured in strict accordance

with good standards (16)
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Table 2

Compaction Requirements for 3ubg;rades. Subbases and Bases

Pavement Component Required Minimum Notes
% of Modified
Proctor Density

Subgrade:
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Photo 17—Cracking due to ditferential support along crane rail.



560 Special Features

Photo 1 8—Uneven running surface due to differential support.
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PANEL DISCUSSION-

PRACTICAL APPLICATIONS OF SYSTEMS ENGINEERING

ON THE RAILROADS

Track Charts

72-633-6
By DAVID L GLICKSTEIN

Manager—Engineering Systems Developmenl

Penn Central Transportation Company

I am sure that you are all faced with the annual problem of updating your

track charts to reflect last years program work and the work proposed for the

coming maintenance season. On Penn Central our problem was complicated by two

factors. First, the size of our system makes chart preparation and updating a time-

consuming process. Second, the track charts of each of the three former properties

had their own unique foniiat. We decided to make a new unifonn track chart

using the best of the three former charts. At tlie same time we decided tliat prepara-

tion and update time could be greatly reduced by using the computer to prepare

the maintenance portion of the track chart.
., 1 1 i

In order to implement tliis system we had to collect information available only

from the field. We brought in the office engineers to acquaint them with ^e objec-

tives of the project, and to give them instruction in preparation of tlie data they

would be required to furnish. Upon returning to their respective territories, the office

engineers put their track condition data onto the coding sheet shown m fig. 1.

These coding sheets were then sent to Philadelphia for verification and keypunchmg.

The verified data in punched card form were loaded into the IBM 1130 computer

along with the proposed work for tlie coming season. The bar portion of the track

chart was drawn complete by the Calcomp Plotter which we have attached to our

1130 The strip map portion of the chart is attached to the appropriate computer

drawn page and the resulting complete chart is sent to tlie printer. Our track charts

are drawn to a scale of one mile to the inch. Each individual chart Fig. 2) repre-

sents a ten-mile section of railroad. As you can see, the track condition is at the

top of the page with each track shown. The strip map of the track layout for that

section is at the bottom of the page. The title box at the right shows the division

and tlie territory covered by the chart. Proposed program work for the coming sea-

son is indicated by a dashed line in tlie appropriate column. We presently have

this type of track maintenance chart for all Penn Central main and branch line track.

Our system is represented by 2300 sheets grouped into 24 maintenance divisions.

Each year the division offices need only to submit their proposed maintenance pro-

gram and updated strip maps to the system office. The sheets that have program

work and the sheets that have completed work for the previous year are predrawn

by the computer. The process in system headquarters takes about 3 man-months

and 40 computer-hours to complete. This procedure has resulted in a cost sayings

of nearly 90% over what it would have cost to have our draftsmen produce these

charts manually.

'

Note—Discussion open until October 15, 1971.
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Systems Engineering on a Small Railroad

72-633-7

By R. B. SLIEPKA

Designer

Elgin, Joliet & Eastern Railway

Systems techniques are characterized by breaking down a problem into its basic

components—yes or no, plus or minus—and analyzing each yes or no to determine

its effect on its neighbor and on the total problem. These techniques can be adapted

to a small railroad. The scope of ijroblems on a small railroad is certainly of less

magnitude than on a large road. Therefore, analyzing the problems is simplified and

the techniques are even more effective.

The EJ&E Railway had a problem on which a systems approach was taken.

The Gary Division track forces construct and maintain track facilities in Kirk Yard,

Gary Mill, and South Chicago Mill. This represents some of tlie most unusual and

difficult track locations and conditions experienced in the industry. The Kirk Yard

—

Gary Mill area has over 3,000 switches to be maintained and the mill itself is the

largest integrated steel plant in tlie world.

Mill operations are entirely dependent upon car movement and a rigorous

schedule must be met in spite of emergencies. Derailments, hot metal spills, coke

spills, slag spills, burnouts, dropped molds, dropped ingots, and snow storms repre-

sent some of the emergencies faced in both mills. Also, tracks must be constructed

and maintained in such surroundings as high lines, blast furnaces, open hearth fur-

naces, B.O.P. shops, strippers, mold yards, soaking pits, finishing mills, and the

coke plant. The Gary Mill has approximately 800 road crossings and the track is

filled to the top of tlie rail with dirt in many locations. Clearances, lighting, drain-

age, and high traffic density add to the problems.

New track construction projects also put a heavy load on track department

forces. In 1971 a new basic oxygen steel facility project is starting, including 37,000

ft of new track, 130 new turnouts, removal of 29,000 ft of track and removal of

62 turnouts. Mill operations also require minor track changes on a continuous basis.

Such work as installation of derails, bumping posts, and wheel stops is common, as

well as track shortening, lengthening, raising, lowering and alignment changes. All

of these unusual operations and locations require a capacity for quick reaction to

emergencies without parallel in other areas of the railroad industry. Thus, flexibility

is a prime consideration in all phases of a new system for this application.

To design the system, the chief engineer took engineering supervisory personnel

and made them his systems team with the responsibility of learning basic techniques

and leading the development of the program.

Wliere do you start on a program of tliis type? Where there is an obvious

need and where tangible results can be realistically expected. On this road a break-

tlirough project was developed, using the systems engineer and tlie existing super-

visory team. This initial project involved planning and scheduling all track main-

tenance and construction work on one division. It was necessary to analyze the exist-

ing operation, and from that: establish objectives based on a desirable level of main-

tenance; establish quality control procedures and a priority system; completely inte-

Note—Discussion open until October 15, 1971.
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grate work and gang procedures in order that each unit could consistently work at an

optimum rate; develop a simple realistic scheduling system; develop a material man-

agement system; and develop simple controls based on exception reporting. The sys-

tem was designed to streamline and modernize all phases of track work tlirough a

systems approach and in a manner consistent with company and department

objectives.

This system was developed and was operating in less tlian one year after the

idea was conceived and has now been in operation for three years. This system is

manual, yet is is totally integrated and adaptable to computerization and will be

computerized in stages. At this time, the material management portion is computerized.

The people who developed this maintenance of way system are now operating

it very effectively. The additional benefits derived from tlie knowledge gained and

discipline imposed through development of the system are difficult to measure.

The organization which has been designed to control Track Department opera-

tions has the advantages of both specialization and flexibility. The Department is

divided into three major functions: Quality Control, Mechanized Operations, and

General Maintenance. The Quality Control group makes and documents all formal

inspections including derailments, long-term maintenance, current maintenance,

industry-owned track, and quality control inspection of completed work. This group

also makes high-frequecy inspections of all turnouts for derailment prevention. The

Quality Control group also schedules and supervises the work of the scheduled

current maintenance forces.

The Mechanized Operations section is responsible for the supervision of mech-

anized steel gangs, mechanized tie gangs, surfacing operations and cleaning opera-

tions. Normally this will include construction forces, except where large-scale projects

require additional supervision.

The General Maintenance section supervises the repair of track damage and

other emergency conditions which are not formally scheduled by the other sections.

This includes complaints regarding track conditions from the Transportation Depart-

ment and customers.

Scheduling of work is accomplished in two major areas: long-term maintenance

(rail turnout, cross tie, and switch tie renewals), and current maintenance. The long-

term work is accomplished by the Mechanized Operations section of the organiza-

tion and the Quality Control section supervises the scheduled current maintenance

work.

Both schedules depend upon written inspection notes from the Quality Control

section. The long-term work is scheduled by the calendar month, with the printed

schedule being produced approximately two weeks prior to the first of the month

being scheduled. All mechanized work is scheduled on a "schedugraph board"

which is kept in the control center at Kirk Yard. The mechanics of the board pro-

vide for a visual display of work completions, work progress of the current month,

status of scheduled work for the calendar year, work remaining for the calendar

year, and inventory of major material items.

Current maintenance work is scheduled one day in advance and in one-man-day

increments. The scheduling is done on a magnetic quick-change display board which

is also kept in the control center. The display board gives a visual account of work

completions for the current and past month.

The control center is located in the annex building at Kirk Yard. The center is

marmed 24 hours a day by a clerical staff and is equipped with a maintenance of

way radio console. All incoming emergency calls are directed to the control center

Bui. 633



568 Special Features

where they are logged, and work forces are dispatched in a priority order. Seniority

rosters are maintained here and all calls for overtime work are controlled in the

center. Also scheduling boards and many other visual displays are maintained as aids

in the control of Track Department operations.

Long-term track material is purchased on a scheduled basis through the year

with overall material objectives controlling the total quantities. Purchase schedules

are set so as to accept material in quantities and intervals that are compatible with

production standards. Other track material order quantities and times are controlled

by a cardex material control system located in the chief engineer's office. All of these

systems and sub-systems combine to give an overall balance and flexibility in the

control of Track Department operations.

Systems analysis need not mean great outlays of money for sophisticated equip-

ment and technicians. To be efi^ective, the systems techniques must become a man-

agement philosophy, a necessary discipline—almost a way of life. This management

philosophy cannot be integrated into a company by having a few systems people.

It must come from within, through involvement with the whole management team.

A Railroad Statement for Pollution Abatement

72-633-8
By C. F. MUELDER

UfiliMes Engineer, Chicago Region

Burlington Northern, Inc.

The presentation I'm about to give is designed to show how the total environ-

mental pollution situation has evolved, and what you and I on the railroads can do

about it. As the title implies, our discussion will give special attention to the role

our railroad industry plays in this picture.

First of all, we are people. Without people there can be no railroad company.

All of us in the railroad industry are normal average citizens. Each of our com-

panies is made up of a broad spectrum of peoples in all classes of labor: skilled and

unskilled, technicians, engineers, management and ownership. We all have families

and desires for ourselves. We are concerned about our community, our nation and

the world. During our leisure we are fishermen, hunters, campers and vacationists.

As concerned citizens we want to preserve our environment.

We are concerned about air pollution, solid waste disposal problems, water

pollution and increased urbanization problems. As this presentation unfolds, I think

you'll agree that the railroads are a small factor in the overall pollution picture,

but that we have our individual responsibilities and areas which together with

others make up the total picture of today's conditions.

When I was a boy in the lower grades of school, I never heard of environ-

mental pollution. For the most part, neither did anyone else. I am sure that environ-

mental pollution existed at some locations and facilities, but for the most part, it did

not affect very many people. What has happened in the short span of 50 years?

First, our population has grown tremendously. There are now so many of us, all

creating demands for housing, automobiles, clothing, vacations, and other things.

Secondly, we have changed from a primarily rural population to an urban

population. With the growth of the nation and the creation of wealth which we

Note—Discussion open until October 15, 1971.
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have all shared in, our expanding population with the ability and desire to pur-

chase these items have created demands for new products and services. More
people, new inventions, increasing desires and demands for services have resulted

in a vast number of automoliiles, many new industries and business establishments

—many times more numerous than when I was a boy. Mere numbers alone have

contributed to an increase in pollution incidents to the place where they are not

acceptable. The few automobiles in 1916 didn't create any smog. Today, with mil-

lions of automobiles, we have smog in our cities.

Well, what am I saying? I am saying that when there were fewer people,

considerably fewer industrial plants and less demands, small amounts of pollutants

did not greatly affect us. Today, with large numbers of people and plants we can

no longer tolerate these conditions. Consequently, we must all take steps to abate

pollution.

Railroads have a water pollution prol^lem, a fact that comes as a surprise to

some. Railroads, fortunately, do not have the overwhelming water pollution problem

of some industries, such as the pulp and paper, the meatpacking, or the hide and

leather industries.

The railroad water pollution problems to be dealt with are real. They do not

need to be disasters if they are dealt with promptly and are handled as the engineer-

ing problems that they are.

Public demand for clean streams and waterways is here to stay. This has

resulted in the strengthening of water pollution laws, both state and federal. Court

decisions, in water pollution cases, are going almost entirely against the defendant.

Newspapers are giving an almost inordinate amount of publicity, complete with

devastating pictures.

This afternoon, I am going to devote our time primarily to tlie problems of

railroad water pollution, methods and equipment for waste water control at railroad

yards and terminals.

Much railroad water pollution originates at these locations: Locomotive wash

racks, yards, shop lye cleaning vats, locomotive fueling facilities. Waste waters

from these facilities contain oil, grease, dirt and detergent. They occur from spillages,

leaks, and drippage. Locomotive repair shop waste waters can also contain cutting

oils, coolants, or crankcase lubricating oils.

Waste waters from box car facilities contain a wide variety of solids: settleable,

floatable and dissolved. These will vary according to the lading of the cars being

cleaned.

Railroad industrial parks are an increasingly important traffic-generating activ-

ity. Many industries with an excellent traffic potential also are industries that gen-

erate significant amounts of liquid wastes. The industrial waste potential of an

industry being invited into one of these developments should be considered to

avoid instances where the cost of treatment required affects the traffic revenue

generated.

Wherever there are workmen, toilet, shower, and locker room facilities are

required. The waste waters originating here is usually handled in a sewer separate

from the industrial waste, and piped separately to the city sewer or to a separate

treatment unit. Sanitary sewage is not normally considered an industrial pollution

problem, but must be considered in outlying railroad operations where no sanitary

sewage .systems are available.

Your Committee 13 has long advocated an engineered systems approach to

water pollution abatement facilities. No two disposal problems are (|uite alike. Ini-
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portant variables art": proximity of habitation and industries, availability of a suit-

alile treatment plant site, soil conditions, climatic conditions, rainfall amounts and

distrilnition, and type of outlet availalile, whether city sewer or water course. It is

to be noted there will freciuentK' he special local circumstances which need to be

taken into account.

In order, therefore, to provide a plant that will do the job required at the

least cost, considering first cost as well as operating and maintenance costs, the

required equipment and components are put together, mindful of all of these vari-

ables. Accordingly, no two systems will be quite alike. A systems approach has to

be farsighted and anticipate the eventual long-term requirements, such as possible

expansion of the facility, and/or increasing severity of the pollution control regula-

tions. Then, when expansion or improvement becomes necessary, room is available

and the existing plant facility can be expanded, not junked.

In speaking of the systems approach to railroad water pollution problems, we
generally think of systems for providing either the primary treatment, or the primary

and secondary treatment, or the priiuary, secondary and tertiary treatment. Prob-

ably the most important factor in determining the system that is to be used is the

receiving outlet of the waste waters. Where waste waters can be discharged into

a lagoon or city sewer, the simpler, less costly primary system can usually be used.

Primary systems are designed for the removal of free floating oils, settleable solids

and free floating solids. These systems are usually adequate where the final treated

waste waters contain less than 75 ppm free oils, do not contain emulsions, and

flow into a city sewer system.

Where a lagoon or a city sewer outlet can be used, the simpler, primary system

for the removal of free oils and settleable solids should be considered for almost

all but very large terminals. The function of a primary system is to remove most

of the oils and solids from the waste water, to the degree acceptable by a city

sewerage treatment plant. When emulsions are present, or pH control is a problem,

or quantities of suspended solids are present, primary systems alone are not

adequate.

If a stream or lake is the only possible outlet or receiver of the final treated

waste water, a secondary system is required in addition to the primary system.

Water purity standards for dumping waste waters into streams or lakes are much
more stringent. A secondary system must be capable of removing practically all

oils and greases, properly adjusting pH, and removing suspended solids and any

excesses of dissolved solids not natural to public waters. A secondary system not

only incorporates mechanical removal of the pollutants but usually involves some

chemical treatment and limited process operations.

When waste waters must be discharged into public streams and lakes where

extreme purity is required to permit human body contacts, such as in swimming
and boating, tertiary systems must be installed. A system of this nature requires

primary treatment, secondary treatment and tertiary treatment. This involves the

full spectrum of mechanical facilities, chemical treatment and process operations,

coupled with complex equipment and specialized personnel for operations and main-

tenance. Generally speaking, this type of system is not required for most railroad

operations.

For railroad operations a primary system in\olves a settling tank or basin

where fuel oil floats to the top and settleable solids sink to the bottom. Mechanical

methods of skimming floatal)le oils and/or solids and bottom solids removal are
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usually used. Unless such a system is medianized and automated, it is easy to neg-

lect it. As a result it will fill up, fail, and be useless. Dependinj^ upon the volumes

of flow, which determine the size of a facility, costs of primary systems usually vary

between $50,000 and $150,000 at most terminals.

For railroad operations requiring the more sophisticated secondary system,

chemical precipitator tanks, dissolved air flotation cell, pH adjustment and sludge

and sediment removal equipment is necessary. Secondary treatment normally

involves breaking oil-water emulsions, followed by coagulating the resultant fine

oil particles by chemical precipitation and settling or by polymer coagulation and

dissolved air flotation. "Breaking" may be done in batch tanks that also serve as

equalizing tanks. This is done by adding an acid, or an acid salt, that lowers the

pH to a 6.3 to 6.8 range. Where large flows exist and considerable pollution occurs,

multiple systems are in use. Usually three batch tanks are provided: one is filling,

one is treating, and the other is emptying. The batch tanks also serve as equalizing

tanks, so that the "broken" emulsion can be fed at a uniform rate to the chemical

precipitation unit or the dissolved air flotation cell, for removal of the released fine

oil particles. Generally speaking, a single, large equalizing tank with a plant sized

to meet normal flows is sufficient for most railroad operations. Secondary treatment

for emulsion breaking would be required where the oil content of the finished waste

has to be 10 miligrams per liter or less. This would be required where the discharge

is to a surface water course. The operation of secondary systems of this kind would

require the supervision of a trained and skilled technician, with undivided respon-

sibility for the operations of this plant. Depending on the size of the facility and

the pollutants involved, costs of a secondary system will vary between $200,000

and $350,000.

Tertiary treatment involves removal of residual contaminants normally not

removed in secondary treatment. This would be needed to meet an effluent oil

content of 5 miligrams per liter or less. It might also be required where an effluent

requirement of one miligram per liter of phosphorous was imposed. A tertiary unil:

for a 5-miligram-per-liter oil limit may be a packed bed filter, either sand or

diatomite. If phosphorous removal do\\'n to 1 miligram per liter is required, a min-

eral reactant such as ferric chloride or sodium aluminate would be added after the

emulsion "breaking" step, together with an anionic polymer. The phosphorous will

precipitate in the chemical precipitation unit or in the dissolved air flotation cell.

Some of the precipitate will not be captured there, and it will be removed in the

tertiary unit.

The biological secondary treatments depend on bacteria to remove the dis-

solved or suspended organic fractions of the waste. This fraction is usually referred

to as 5-day B.O.D. The process usually is known as an activated sludge system.

Fortunately, there is very little of this material in railroad waste. The only railroad

operation producing this type of waste, aside from a railroad-operated industrial

park, is a box car washing facility. Providing biological secondary treatment for

box car washing facilities would be rather expensive, upwards to $500,000. This

type of treatment process must be continuous, 24 hours per day and 365 days per

year. Box car washing is intermittent and the amount of waste produced varies

widely. Accordingly, large equalizing ponds or tanks are usually required, together

with seldom-used capacity for seasonal peak loads. It is, therefore, a much better

arrangement to discharge to a city sewer after primary treatment. In fact, a\'ail-

ability of a city sewer connection is a very important factor in locating a box car

washing facility.
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PANEL DISCUSSION-

CONTINUOUS WELDED RAIL ON BRIDGES

Principles
72-633-9

By D. V. MESSMAN
Assistant to Chief Engineer

Southern Railway System

I will review with you some principles which need to be put in proper per-

spective for this discussion.

First, the nature of the materials we are dealing with

The body of a steel rail, barring any permanent set from excessive stresses or

other unusual damaj^e, remains essentially unchanged for centuries. Surface rusting

has no interior effect, neither does the thin surface working from wheels. The effect

of time on rail length is shown in Fig. 1, using a 50-year period and comparable

beginning and end conditions.

The wavy lines indicate intermediate variations of no final consequence.

Steel materials supporting rail and track structure act similarly, but the action

of timber, ballast and earth materials under the rail is different because of yielding

with time and because elastic limits are more often exceeded.

Second, resistance can be developed by movement only

It is easy to see the bending of a crosstie under a wheel. Impossible for the

naked eye to detect, but just as certain, is a depressing of the rail surface and a

flattening of the wheel where they are in contact. Similarly, there can be no devel-

opment of longitudinal or lateral resistances unless there are movements in those

directions. There is no truly rigid material or structure—some are merely stiffer

than others and develop resistances with lesser movement. If there are several places

where a force can be resisted, it will, whether we like it or not, go mostly to the

stilfest places. Weakness here may lead to undesiral:)le failure and damage. Stiffness

should be accompanied by sufficient strength. Weakness can be protected by

flexibility or freedom.

Fig. 2 is a bridge profile with three bearing points capable of delivering longi-

tudinal force to the substructure and thence to the ground. Each approach is also

available for resisting longitudinal force. With anchorage applied as shown on the

figure, a number of pertinent questions can be asked.

• How does the stiffness at points 2 and 5 compare with stiffness in areas 1

and 6? In other words, to which points or areas will most of the force go.

• Will point 3 provide any appreciable resistance in view of flexibility of the

pier shaft?

• If points 2 and 5 are stiff enough to attract a large part of any force, are

they strong enough to transmit it or will there be shearing, breaking, tearing oi'

splitting of some part instead?

• Should there be any anchors at all on the bridge?

Note—Discussion open nntil October 15, 1971.
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These questions are not easy to answer, but I again point out the importance

of relating resistances to movement and strength to stiffness. There is seldom any

logical halfway measure of anchorage.

Third, how longitudinal stress in a rail varies from one point to another

In any one section of continuous rail the stress has to be uniform unless fric-

tional forces work on the surfaces. An extreme example of non-uniformity is the

stress changes near the end of a continuous rail where it is not held by a joint

or does not butt against another rail. Anchorage in such an area is highly stressed

in friction against the rail.

I would apologize for showing such an elementary concept as Fig. 3 except

that the role of friction in causing or controlling rail movements is often overlooked
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CREEP OF
RAIL

Fig. 5

of many wheels can be great. Compression builds up ahead of a train, especially

in areas of light anchorage, and cannot l)e easily relieved by backward movement

of the rail until after the train weight is gone. The ideal anchorage is obviously

uniformly distributed along the rail. This effect is more pronounced if traffic in one

direction predominates.

Sixth, traction and braking effects

These effects are generally iminiportant compared to others, except where they

repeat often and are in a direction to coml^ine with other effects. In a dip, for

example, with all traffic in one direction, the worst comliination is on the approach

to the dip.

This is illustrated in Fig. 6. Note that the three effects on the left side are all

in the same direction.

Seventh, effect of grade

l<"or the upper left corner of Fig. 7 imagine a vertical rail one mile long, with

no weight, and with ends fixed. If the weight is added the upper right corner

applies.
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Now imagine a rail on a i'/i frictionli-ss slope, 100 miles long, again with no

weight as in the lower left corner. If the weight is added the lower right corner

applies. Notice that the total height, measured vertically, not the length of rail,

dictates the stress and \ertical drop of the midpoint. There is an increase, however,

in the horizontal movement of the midpoint and the amount of resistance working

against the movement as the grade flattens. This extreme example shows that grade

effects from actual conditions are relatively small, although they may be in a direc-

tion to be combined with other effects

Eighth, estimating internal and radial forces

The stress in rail held to constant length varies directly with temperature

With expansion coefficient and dimensional units taken into account, the total

internal force in one track of two rails is given by the formula at the top of Fig. 8.

The second formula is for radial force expressed as a function of the internal

force and curve radius. The third formula gives radial force without reference to

internal force.

The terms Xi and Vi are used to call attention to the need to remember that

the other terms are for changes only and are not valid by themselves, unless it is

known for certain that the initial forces present at initial temperature can properly

be assumed to be zero.

The diagram at the bottom of the figure illustrates the relationship between
the internal and radial forces. Note that the radial component per foot of track

needed to turn the internal force around the curve forms the same ratio with the

internal force as does the same foot of track with the radius.

Ninth, elastic buckling of rails under compression

The action of curved rail under compression and tlie associated radial force are

closely predictable. Much more uncertain is the action of a straight rail in a track,

because of the difficulty of knowing the exact length subject to buckling and the

exact available restraints against buckling. For any situation, however, there is a

definite compression at which a very slight sideways push will buckle the rail, or

more important to us, a very small dependable lateral resistance will keep the rail

completely stable for that compression.

The buckling load is inversely proportional to the square of unsupported length,

i.e., if the midpoint is laterally supported, the load capacity is four times as much.

The degree of rail straightness does not matter much, but restraints are all-important.

The ordinary buckling occurrence is a track going sideways as a unit because

the rails are less stiff in that direction and because track weight is of less benefit

in that direction.

Fig. 9 shows the buckling load, with unit factor of safety, for a 100-lb rail

10 ft long with ideal hinges at each end. The 80-ton load corresponds to a tem-

perature rise of 84 F above the temperature associated with zero stress.

There may be rare cases of rail stresses approaching the yield point at approx-

imately 75,000 p.si, in which event buckling would occur, but it would be of a

different kind, not elastic.

Buckling is an important consideration when bridge ties are being replaced.

Tenth, the most important effect—traffic

Trains work the ties up and down, vibrate the whole roadbed, push or pull

the rails, all disturbing resistance points both laterally and longitudinally and allow-
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LO/iD EFFECTS

Fig. 10

ing unbalanced internal or radial forces to take over. Small movements may not

recover after load passage and often accumulate to a large dimension.

The items I have listed affect bridges as well as track in general. An additional

effect comes from an individual span in a bridge having its stress-carrying elements

change length under load. Although the length change from stress is generally a

minor portion of the total, its effect can be damaging because surfaces that may
ordinarily slide to accommodate differential movements of rail and bridge span

are at least partially prevented from doing so because of bearing between the sur-

faces being increased while the load is present. Under load, a bridge tie may split

rather than slide.

Fig. 10 shows the outline of a simple span with fixed bearing on the left.

It may be a deck girder, a deck truss, or through truss. On the left end the lower

comer is not moved by temperature or load, while the upper corner is moved to

the right by load only. At the expansion end on the right, Iwth upper and lower

points move the same amount with temiDerature while the load moves tlie lower

comer only.

On a deck span the rail is near the top points. If rail is not to change position

or length, there must be differential movement at each and every iDoint on the span.

On a through span the rail is near the bottom points. If the same rail condition is

to apply, there is only one point, at the fixed end, that is free of differential move-

ment. At the other end we find the most differential movement of all.

All effects on bridge spans are roughly proportional to length and will cause

appreciable differential movements on longer spans. For example, the gap between

the expansion ends of two adjacent through spans each 150 ft long will decrease

about 2 inches from cold to hot weather and about another inch under live load.

Differential movements on bridges must be anticipated and handled in such

way tliat damage or reduction in live load capacity will not occur. The movenients
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should cither be adcHiiiatcly picvcntt'd or he allowed as freely as possible. Anchorage

and freedom each have their place and each should be kept there. Intermediate

measures seldom make any sense around a bridge.

CWR on Bridges—Problems
72-633-10

By L. F. CURRIER

Engineer Structures

Louisville & Nashville Railroad

On roadbed sections the successful use of continuous welded rail depends, for

the most part, on making adequate provisions for prevention of buckled track and

pull-aparts which could result from temperature stresses and creep stresses caused

by the effects of train movements. The same can be said for conventional jointed

rail, except the problems are not so critical because of the lengths of rail involved

and the allowances made for movement at the joints. The problems could be very

close to the same for both if joints of conventional rail are restrained from movement.

Undesirable track conditions are usually prevented by anchoring the welded

rail to the ties and providing an ample ballast section to keep the ties in place.

Movement from temperature changes is confined to the 200 to 300 ft distance

from the joints of each string, with no movement in the center section. Field weld-

ing to eliminate joints is becoming a generally accepted practice.

Movement from creep stresses due to train effects is usually restricted by the

use of anchors the full length of each rail string to distribute the stresses along

the rail and keep the track where it was laid.

Since the forces from the rail must be transferred to the tie, then to the ballast

and roadbed, an adequate ballast section is as important as proper rail anchorage.

Bridges—General

When installing continuous welded rail on bridges, the problems from tempera-

ture stresses and creep stresses from train effects still remain. There are additional

problems from expansion and contraction of the bridge because of temperature

changes, and movement of stress-carrying elements of the bridge when under load.

Unless handled correctly, these movements can add stresses to the bridge that can

be beyond the structure's capacity.

Ballasted-Deck Bridges

On tangent track it would seem that the main problem to be expected with

continuous welded rail on ballasted-deck bridges would result from not having

sufficient ballast embedding the ties to resist movement of the rail.

There may be other problems that would be worthy of investigation. For

example, what effect would the combination of additional friction between ballast

and deck of the loaded bridge and the change in length of the bridge elements

have on the bridge? What effect would this condition have on the rail?

Ballasted-deck bridges are subjected to radial forces from temperature stresses

and creep stresses in curved rail. The effect of these forces on the bridge becomes

Note—Discussion open until October 15, 1971,
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a problem in direct ratio to the degree of curve. The bridge problem is affected

further by the height of structure and length of span. Under present specifications

our bridges are not designed nor rated for these forces or any other forces caused

by the installation of welded rail. It would seem that they should be.

Open-Deck Bridges

As was mentioned earlier, the movement of continuous welded rail due to

temperature changes is confined to the ends of each string. This means you can

expect temperature stresses to be resisted by the end ties; and because of the added
forces these ties are required to take, placing a joint on an open-deck bridge can

have some very undesirable results:

1. If the rail is not anchored on the bridge we can, of course, expect a

pull-apart.

2. If the rail is anchored, we might expect failure of the tie fasteners, fol-

lowed by a pull-apart.

3. If the rail is anchored and tie fasteners are adequate, we would expect

either to have added bridge stresses which are beyond the bridge's

capacity or to have added rail stresses which are beyond the rail's capacity

to absorb.

Bolted joints between strings of welded rail should be used only with extreme

caution, preferably never, on an open-deck bridge.

Problems can also exist with joints placed so as to have tlie rail fully anchored

off the bridge:

1. If anchors are used on the bridge, stresses in ties and fasteners from

temperature expansion or contraction of the bridge while the rail remains

fixed might exceed the capacity of the tie or fastener.

2. If the rail is anchored to the ties and fasteners hold, the stresses added
to the structure could exceed the capacity of the structure. There is also

the possibility that the rail could be over-stressed.

3. Unless ties are adequately anchored to the bridge, there will exist the

possibility of the ties and rail either moving transversely or, less likely,

up from the support. Ties must be anchored to the support, but at the

same time longitudinal movement of the bridge in relation to the rail

must be provided so that the effectiveness of the anchorage will not be

harmed.

A solution suggested for short spans is to eliminate anchors on the bridge

and permit the bridge to "float" beneath the rail.

The elimination of too many anchors from between joints of a welded string

might result in the string being so sparsely anchored that its resistance to creep

from train effects is too low to prevent stress build-ups that could cause buckling

or pull-aparts in the rail.

Leaving off too many anchors would also leave the rail in danger of an exces-

sive pull-apart in the e\ent of a rail failure at low temperatures.

In discussing open-deck bridges I have, so far, made no mention of the effects

of the stressed elements changing length under load. As Mr. Messman mentioned

to you, although this length change is generally a minor portion of the movement,

its effect can be the more damaging. Increased bearing between the ties and
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lioarin^ surfaces set up frictional resistance that could prevent sliding of the tie.

If shdinjj is prevented and the tic does not roll or split, additional stresses could

be added to the structure element supporting the tie that are more than its capacity

to absorb. Movement increases with length so that the longer the span, the more

critical is the condition.

Open-deck bridges on cur\es are subjected to the same radial forces from rail

stresses as ballasted-dcck bridges. It is extremely important that the ties are ade-

quately anchored to the bridge to prevent these forces from moving the track out

of line.

Bridge Maintenance

We now come to maintenance of bridges on which there is welded rail. This

could become a problem of scheduling maintenance work only during seasons when

there is little likelihood of rail buckling.

Finally, one of the big problems we are up against is having a complicated

subject with very little information as to the behavior of bridges and welded rail

when the two are combined. We may some day want to have tests run on bridges

to compare the effects of welded rail as compared to jointed rail, or tests nm to

compare the effectiveness of various types of connectors. Until we have more field

information than is now available, the practice of laying welded rail on bridges

will continue to be a combination of theory and trial and error.

CWR on Bridges—Practices

72-633-7 1

By R. I. SIMKINS

Assistant Engineer of Bridges

Seaboard Coast Line Railroad

Because of certain undesirable results which are possible, such as damage

to bridge structure, buckling of rail or track, and separation of rail as a result of

build-up of internal stress, it is thought that special precautions should be observed

in laying continuous welded rail on bridges. Damage to timber trestles from forces

imposed liy rail has been observed, as evidenced by splitting of ties and caps,

and displacement of stringers. Damage to steel bridges is not as apparent but such

forces may be contributing to long-term deterioration.

As to buckling of rail caused by internal stress, there have been several derail-

ments over the country on roadbed track attributed to this cause, and separation

of rail at bolted joints is a fairly common occurrence where rail stress is high and

anchorage insufficient. These problems apply to rail with bolted joints as well as

welded rail but are thought to be relieved somewhat in bolted rail by slippage

in the joints.

General measures which are being taken to minimize the above listed possi-

bilities are the following or combination of the following:

1. Installing welded rail on bridges when median temperatures prevail. To

accomplish the same result, when prevailing temperatures are low, some

railroads are experimenting with heating or stretching the rail; although,

Note—Discussion open until October 15, 1971.



Remarks by R. I. Simkins 583

it is not known that these measures ha\'c been used for laying welded

rail on bridges specifically.

2. Anchoring rail sufficiently to ties on roadbed approaches and on bridges

to localize movement and displacement of rail in case of separation, and

securing rail and track to prevent buckling.

3. Using rail expansion joints on long bridge structures to prevent build-up

of stress in the rail.

No. 2 above is the measure most used liy railroads when laying welded rail

on bridges, and judging by known results must be considered reasonably effective.

This practice is simply that used in laying welded rail generally. Under the direc-

tion of a former chairman of the Welded Rail Subcommittee of Committee 15, a

questionnaire in regard to welded rail on bridges was sent to the chief engineers

of the railroads. The results of this questionnaire indicate that few untoward events

have resulted from installation of welded rail on bridges.

Contacts with the bridge engineers of the various railroads indicate that two

major complete systems of practice with regard to installation of welded rail on

open-deck bridges have evolved.

One system specifies that rail be heavily anchored to ties on roadbed approaches

to isolate the bridge from general rail movement and attendant forces, and that

welded rail be continuous without bolted joints a minimum distance of 200 ft onto

each roadbed approach. This system further specifies that the rail shall be anchored

continuously to ties of the bridge where spans are 100 ft in length or less. For

spans over 100 ft the rail shall be anchored to ties for 100 ft at the fixed end of

each span. Rail expansion joints are specified for placement at the expansion end

of all spans in excess of 300-ft length with the rail anchored for 100 ft at the fixed

end. Rail expansion joints are also specified to be installed near each end of draw-

bridges to prevent jamming or opening of the drawbridge rail joints.

This system gets the desired results by preventing running of rail onto bridges

and by anchoring the rail to the bridges in such a way that the difference in bridge

and rail temperature exipansion is minimized.

The other system specifies extensive use of rail expansion joints so that the rail

is relieved of temperature stresses at all times and interaction of forces between

bridge and rail is eliminated. Under this system rail anchors are used on bridges

only at the fixed side of rail expansion joints or at the center of rail strings which

terminate at each end in the sliding portion of rail expansion joints. This system

permits the use of bolted joints between welded strings and installation on bridges

on curves since internal rail stress due to temperature change is virtually eliminated.

In addition to these two major systems, other trends and recommendations

gathered in correspondence and contact with bridge engineers are as follows:

1. One railroad limits the use of continuous welded rail to short spans and

short bridges except on ballasted-deck bridges with curvature of less than

1 deg.

2. It is the consensus that problems associated with welded rail are less

acute for ballasted-deck bridges than for open-deck bridges. In fact, some

engineers advocate use of the same practice for installing rail on short-span

ballasted-deck bridges as is used on roadbed track.

3. There is a general reluctance to install welded rail on bridges on curves,

particularly where the curvature exceeds 2 deg. This practice results from

uncertainties as to the effect of radial forces.
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4. One bridge engineer recommends that steel guard rails be anchored and
fastened more securely than normal to minimize displacement in case of

rail separation.

5. It is suggested l^y the bridge engineer of one railroad that the cost of

special measures required for successful application of welded rail to

bridges may outweigh the benefits of welded rail and that this should

be considered for each installation.

In addition to the special practices observed at the time of laying welded rail

on bridges, precautions are also lieing observed in maintenance operations which
involve the unfastening of rail from ties or ties from bridge spans. Some of the

precautions are:

1. Maintenance operations are carried out with temperature near or lower

than that prevailing when the rail was installed.

2. Provisions are made to hold track and rails in line while unfastened.

3. Where possible during tie renewals, alternate ties should be replaced and

secured first with remainder changed out in a second stage.

In spite of the difficulties involved, many railroads are presently installing

welded rail on bridges, employing measures that suit the economic and specific

location conditions of their lines, and in general these installations have obtained

satisfactory results.

Data Processing for Work Equipmeni
72-633-72

By E. H. FISHER

Engineer of Work Equipment
Canadian National Railways

The Reasons for Control

The tremendous growth in complexity, physical size, multi-million-dollar invest-

ments and expenses of work equipment fleets demand more effective management

controls. Fleet managers have long been aware of the problems. Many have taken

the initiative to do something about them. The changing conditions have resulted

in a complex, diversified fleet with equally complex and diversified management

problems. All this prompts us to search for faster, more effective measurements

and controls.

When we think of an equipment fleet we recognize three separate and distinct

management groups, each with its own puriwse. They are:

(a) The Executive of the corporate body which authorizes the funds for the

equipment enterprise.

(b) The fleet management which provides an equipment service.

(c) The users of equipment—maintenance of way

Although these three elements of nianagenient have separate and distinct func-

tions, they have a relationship within the corporate structure. A mutual under-

Note—Discussion open until October 15, 1971.
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staudiny ot these Nt-paiatf responsiliililics and an awareness ot the need ior finaneial

accountabihty are required to foster a successful business enterprise as a whole.

In the early days work equipment was a comparatively small element within

the larger corporate structure. On one hand, rapid advancement in technology

mushroomed mechanization into multi-million dollar enterprises; on the other hand,

this growth has created a multi-million-dollar expense to support it. Both of these

factors have given mechanization a status where it can no longer be considered

a minor entity in cor^xirate planning and control.

Executives today are much concerned about whether or not they are getting

full value for the company's funds required for mechanization.

Work equipment fleet managers are much aware of the cost of equipment

ownership and operations and whether or not the all-inclusive expenses are offset

by sufficient savings in utilization.

To complete the picture, the users of equiiDment are concerned about produc-

tion and the cost of getting a job done.

These needs must be the guidelines in approaching a control system for work

equipment. The control systems much be designed to assist in direct supervision

to quickly identify situations that require attention. They should also generate

managerial decisions and action. The application of the "management by exception"

principle should be used where possible—which means, of course, that only the

exception to the rule is brought to a higher management level for action. Operational

research techniques must also be used in a modern equipment enterprise.

Management Tools

What are the objectives for management tools to be effective in an environ-

ment of mechanization and frequent technological change? Bearing in mind that

the dollar is the basic element of economic control in business, administrative tools

must be based upon the theme of financial responsibility and accountability. This

implies tliat a management function should occur at the levels where the dollars

are being spent on a day-to-day basis.

The next level of the management function within work equipment is respon-

sible for planning and the overall control of the operation. As an illustration, some

of the elements to be accounted for at this level are:

• General overhead; interest and depreciation

• Purchase and retirement of equipment;

• The inventory record of equipment;

• The overall budgets;

• Distribution of equipment;

• Utilization of equipment;

• Overall repair expense and its relation to equipment utilization;

• Operational expense.

We must also remember that paperwork is essential. It is a means of com-

munication. Let us not lose the effect of good communication because of the

prevalent fear of paperwork. Often a volume of paperwork may indicate a degree

of inefficiency. It has been noted from experience that paper volume decreases in

proportion to efFectieveness of the management. In these fast-moving times, man-

agement nmst have reliable records that will aid in making proper decisions quickly.

Rehable facts must be available for .speedy retrieval on a basis which can be inter-

preted quickly.
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The answer is a carefully desifined integrated management information system

for computer application.

A picture is worth a thousand words and I will now illustrate an information

system which has been specifically designed to cover a work eciuipmeut function

on a complete financial basis. [Mr. Fisher then presented and discussed a series of

slides, none of which is reproduced herein.]

Some Aspects of Service Developments in Rail-Head Metal

72-633-13
By R. J. HENRY

Engineer, Alloy Development Section

Homer Research Laboratories

Bethlehem Steel Corporation

ABSTRACT

The service developments in rail-head metal described and micrographically

illustrated are: (a) the surface spalling of tangent (straight) track, (b) the surface

spalling of the hoop rail on a car dumper, and (c) tlie end batter of bolted rails.

These developments are characterized by the presence of white-etching regions.

Previous investigations of such regions as they occur along shell-type cracks indi-

cated that these are regions where the normal pearlitie base steel has been trans-

formed to a hard martensite by a combination of stress and heat.

In addition to a discussion of the white-etching regions associated with these

service developments, the paper also presents data on the life of crane wheel and

railroad rail steels showing that the life of these steels decreases with increasing

static contact stress.

INTRODUCTION

By way of introduction, I would like to give a little of the background leading

to the present paper on some service developments in rail-head metal that are

characterized by the presence of white-etching regions.

In January of this year, Mr. Ken Schoeneberg, executive research engineer for

the Association of American Railroads (AAR), visited in Bethlehem with Mr. G. G.

Knupp and me. The visit was an outgrowth of Mr. Knupp's participation in the

Joint Contact Committee of the American Railway Engineering Association (AREA)
and the American Iron and Steel Institute (AISI) as well as Mr. Schoeneberg's

efforts to formulate an AAR rail research program designed to benefit the railroads.

During his visit, we discussed today's topic, particularly emphasizing some of the

effects of heavy wheel loads on the rail. We also talked about the observations

made by Mr. Mike Wisnowski during his AAR investigation of white-etching regions

such as are sometimes seen along cracks associated with rail-head shelling. At the

Rail Committee meeting in Harrisburg, Pa., last April, I discussed the results of

work performed to identify the cause of white-etching regions. These results, which

were published in the February 1970 issue of Bulletin 626, Vol. 71, of the AREA
Proceedings, showed that white-etching regions can result from stress-induced

Note—Discussion open until October 15, 1971.
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changes of the base steel under conditions of rolhng-contact fatigue such as is

created by a heavily loaded wheel traveling on a rail [1].** In today's talk I will

describe white-etching regions that develop under still other conditions, in particular

those created by:

• Traction and adhesion between the rail and the wheel

• Impact loads

• Repeated loads resulting in fatigue

The effects of the traction and adhesion situation will be seen in photomicro-

graphs of a hard white-etching layer that was produced on the surface of a string

of 13 tangent 136 lb/yd rails. The spalling of crane rails used on a car dumper

will illustrate the effect of impact loads, and the end batter of non-end-hardened

bolted rails will be presented as an example of the effect of both impact and

repeated loads. The effect of repeated loads was discussed in detail at last April's

Rail Committee meeting, and during the discussion Dr. Harris, vice president.

Research and Test Department, AAR, asked whether controlled laboratory experi-

ments had been performed to support the view that heavy loads result in shorter

rail Iffe. In response to this request, I have also summarized data from the literature

on this questiou

White-Etching Regions Resulting from Traction and Adhesion Conditions

Of the several sites where the white-etching phenomenon is observed, the most

obvious are the surfaces of the rails subject to the action of traction and adhesion.

Under these conditions, as we will see from the first two figures, the developing

white-etching regions ultimately give rise to shallow surface spalling. Thus, in Fig.

1, which includes the cross-section and top views of a rail-head taken from tangent

track, we see a white-etching region extending over most of the contact surface

and a central area of spalling.

Usually white-etching regions are clearly observable only with the aid of micro-

scope and have, therefore, been considered by metallurgists to be a microstructural

feature. However, as the macrographs in Fig. 1 show, such regions can become

extensive enough to be observed with the naked eye. The shiny, white appearance

of these regions, as contrasted with the gray color of rail steel, is a manifestation

of the pearlite-to-martensite transformation that, in this case, developed under the

effects of traction and adhesion.

This phase transformation is also reflected in the greater hardness of the

white-etching regions as compared with that of original rail steel. Thus, the white-

etching contact layer in Fig. 1 showed a Brinell hardness of 653 (Re 60) as

contrasted with a BHN 272 (Re 28) for the adjacent unaffected metal.

For the case illustrated in Fig. 1, the area of the rail-head surface affected by

white etching, including the spalling in the central area, varied in width from IJa

to l'/4 inches. The maximum depth of the affected layer, as measured from the

suface of the rail to the beginning of the pearlite, is 0.0175 inch.

Fig. 2a is a photomacrograph of the as-recei\cd rail-head between the spalled

region and the ruler in Fig. lb. The typical heat-check cracking and the scorch

marks (arrows) in this unspalled region were probably caused by tlie spinning of

locomotive wheels when traction was poor.

Brackets indicate references listed at the end n( this paper.
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Fig. 2a—Rail surface befween spoiled region and ruler in Fig. lb. Heat checks and
scorch marl<s (arrows) probably result from spinning of locomotive wheels. 9X, as-received,

b) Cross section illustrating three microstructural zones in affected region: S, featureless

surface zone, about 0.008 inch thick; F, featureless plus ferrite network zone, about 0.009

inch thick; P, pearlitic microstructure. 1 0OX, picral etch.

The photomicrograph in Fig. 2b shows three different microstructural zones

revealed on a polished and picral-etched microsample cut from the cross-section

sample seen previously in Fig. la. The surface zone, S, is the featureless white-

etching region at lOOX magnification and is about 0.008 inch thick. Zone F, just

below the surface zone, contains a featureless constituent together with a ferrite

network and is about 0.009 inch thick. The third zone, P, is the usual pearlitic

microstructure typical of the as-rolled rail. The same microstructural features were

also brought out by etching with other reagents such as sodium metabisulfite and

nital, as outlined in Reference 1.

When the white-etching surface region is studied under the electron micro-

scope, it is seen that this region does have certain microstructural features. Thus,

in a replica of a polished and sodium-metabisulfite-etched cross section, Fig. 3a,

the electron microscope reveals a pattern with some aligned precipitates characteris-

tic of partially tempered martensite. This transformation microstructure, which

appears at the interface (arrows) of the white-etching layer and the pearlitic base

metal, is seen in greater detail at 10,000X magnification in Fig. 3b. The micro-

structure shown is probably massive martensite with a medium carbon content [2].

As a matter of fact, spectrographic analyses showed the carbon content in the white-

etching region to be 0.68% as compared with 0.76% for the base steel, 0.68% being

in the range required to produce massive martensite when quenching from above

1300 F.

If the white etching layer was indeed massive martensite, it would respond in

the following ways to annealing, i.e., heating above 1330 F followed by slow cooling,

and to tempering, i.e., heating to temperatures less than 1330 F for a half-hour:

(a) annealing would produce a pearhtic microstructure, and (b) additional tem-

pering in a furnace would complete the precipitation process already begun. As seen

in Fig. 4a, annealing of the white-etching region at 1550 F in argon did, as a matter

of fact, produce a pearlitic microstructure. In Figs. 4b and 4c it is seen that tem-

pering of the white-etching region completed the precipitation process, resulting in
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Fig. 3—Electron photomicrographs of replicas of polished and sodium-metabisulfite-

etched cross section of white-etching region: a) Arrows indicate interface of pearli^e base
rail and hard, white-etching layer. 2,500X. b) Note pattern of aligned precipitates charac-

teristic of partially tempered martensite. 10,000X, sodium me)abisulflte etch.

US

Fig. 4—Photomicrographs showing white-etching region after: a) annealing at 1550 F

in argon; b) and c) tempering at 1000 F in argon. Annealing converts region to pearlite

plus ferrite. Tempering converts layer to spheroidized structure typical of tempered mar-

tensite. a) and b) 100X, picral etch; c) 750X, picral etch.

ihe more uniformly dispersed spheroidization typical of quenched and tempered

steels. These two results provided further evidence that the white-etching region

is martensite.

In addition to the responses to the heat treatments shown in Figs. 4a and b,

note that the vertical cracks are stopped (Fig. 4a) or diverted (Fig. 4b) along the

horizontal. This stopping and diverting of the cracks occur at the interface of the

white-etching layer and the pearlite and indicate that the pearlitic rail steel is

tougher than the transformed white-etching region.

Let us sum up the key facts about the microstructure of white etching regions

created under traction and adhesion conditions: the precipitation pattern, the 0.68^

carbon content, and the heat-treatment responses provide evidence that the white-

etching structure is a medium-carbon massive martensite.

As usual, the rail-head contour showed e\ idencc of some in-service deformation,

Fig. la. Although the amount of contour deformation is small, the amount of distor-

tion shown by the ferrite network near the rail-head field side in the photograph

of Fig. 5 could not have occurred after the white-etching layer formed without
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Fig. 5—Photomicrograph showing extensive distortion of ferrite network (arrows)

compared to nearly vertical crack near field side of rail. 100X, picral etch.

spalling of the layer or without some tilting of the vertical crack in the layer. Thus,

it is apparent that the deformation contour of the rail occurred over tlie years subse-

quent to installation and before the recent formation of the white-etching layer.

Recent white-etching layer formation suggests that friction heating resulting from

spinning of the locomotive wheels is the most probable cause of the development

of such layers.

The specific steps in this development under traction-adhesion conditions are

probably:

• The as-rolled pearlitic microstructure at the very surface of the rail is cold-

deformed by heavy wheel loads.

• Subsequently, this deformed microstructure is subjected to heating by the

spinning of the locomotive wheels during a poor traction situatiou

• Quenching by the surrounding air and the large mass of the remaining rail-

head produces quenched massive martensite

• At some later time, spalling begins as a result of trains passing repeatedly

over the hard and increasingly brittle white-etching regionSi

Thus, it is seen that the transformation microstructure, mainly massive mar-

tensite, comprising tlie white-etching layer on the rail-head surfaces apparently

results from a combination of plastic deformation and localized friction-heating.

Since this coml^ination of factors is responsible for the transformation micro-

structure comprising such layers, complete solution of the problem will be difficult

under current conditions of ever-increasing wheel loads and the tractive forces of

increasingly powerful locomotives. Of course, one solution that has been tried is

grinding off the spalled layer and the surrounding white-etching regions to expose
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clean pearlitic rail steel aj^aiii. Hut, tliis remedy cannot be canied on indefinitely,

since the basic rail contour must be maintained.

Before we leave this subject of hard, white-etching layers on the surfaces of

rails, we ought to mention the phenomenon of engine burns, a form of localized

service developments whicli are familiar to all of you. The spalling and the shine

of the typical engine liurn are quite similar to those observed for the traction-

adhesion case just described, except that the region of the rail affected by the

engine bum is generally much shorter (several inches at most) and deeper than that

obser\'ed on the 13-rail-length of the affected region noted in our rail spalling case.

However, the rail spalling case might be considered an extended engine bum,

because the extensive spalling case and engine burns are both caused by wheel

slip and because the spalling characteristics and the shine of the affected surfaces

of the rails are similar. Thus, rail engine burns can cause the same kind of spalling

but to a lesser extent.

White-Etching Regions on a Car-Dumper Hoop Rail Under the Effect of Impact Loads

Another set of conditions leading to the development of white-etching regions

are those created by impact loads. Thus, spalling of full-head-width pieces from

crane rails used to form a car-dump hoop rail has also been observed. This example

of spalling is shown, because later in the discussion of the effect of stresses on rail

and wheel steels some of the data used were collected from experiments employing

crane wheel materials, which are similar in composition to railroad rails.

The photograph in Fig. 6 was taken at the car-dumper site and shows one of

ths spalled regions. Note that the spalling extends across the full width of the rail-

head, as contrasted with the spalling limited to the middle area in the previous

example illustrating traction-adhesion effects. This difference in the spalling seen

in Fig. 6 probably results from the different geometry between the wheel and rail.

To be specific, in the car-dumper rail, the rail-head is flat rather than crowned as

is the case with railroad rails, and the guide-wheel tread is cylindrical rather than

tapered.

Four small samples that spalled from the rail are shown in Fig. 7. Visual

examination of the small samples revealed that they had the same bright, shiny

appearance observed in the white-etching regions of the traction-adhesion example.

But when the samples were polished and etched in nital, a duplex microstructure

emerged. Fig. 8 shows this microstructiue at 500X- The continuous phase contain-

ing the acicular pattern is high-carbon as-quenclied martensite, and the discontinu-

ous dark nodules are pearlite patches.

The metallographic examination showed that the microstructure in the spalled

pieces contained as-quenched martensite, which generally is thought to be formed

only by heating of the affected area above 1300 F followed by rapid quenching.

However, it was reported by observers who visited the car-dumper site that local-

ized heating could not have occurred during the rotating operation of the car-

dumper. On the other hand, these spalled regions probably resulted from impact

during loading and unloading of the dumper, because the regions are located such

that they were in contact with mating guide wheels in the normal load and unload

positions of the car-dumper.

Repeated lateral thrust and repeated impact on rails from nosing, hunting,

roadbed irregularities, and rocking cars could also be causes of similar white-etching

regions on rails.
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Fig. 6—Photograph of car-dumper hoop rail showing one of spalled regions.

t I I i I i JLi f t I ii »

Fig. 7—Photograph of four samples that spalled from car-dumper hoop rail.
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Fig. 8—Photomicrograph of duplex microstructure observed in spoiled samples. Light

colored, acicular phase is as-quenched martensite and dark nodules are pearlite. 500X,

nital etch.

White-Etching Regions Resulting from the Effects of Repeated Loads on Rail-Ends

Our third, and final, category of conditions that also produce white-etching

regions are those created by repeated loads resulting in fatigue. In bolted track,

rails are installed so that their ends are separated to accommodate expansion from

ambient thermal fluctuations. As a result of this gap, two groups of locations at the

bolted joint are susceptible to impact by repeated loads as a train moves along the

track. Rail surfaces at the end of the adjoining rail-heads comprise one of these

locations. Repeated impact at this type of location results in the familiar mush-

rooming and associated spalling and chipping often observed, known as end batter.

The other type of location is the vertical faces of the two adjoining rails. During

the vertical movement of track from passing wheels, the vertical end faces of the

adjoining rails contact each other under impact conditions. The consequence of

repeated impact on these vertical faces is not as familiar as that on the horizontal
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Fig. 9a—Photograph of piece of rail showing end batter

and spoiling, b) Photomicrograph of cross section along ver-

tical face of rail shown in (a) at Va inch below fracture face.

White-etching region is 0.01 inch wide at top of photo and
is as-quenched martensite. Arrow points to large crack which
penetrates into pearlitic part of rail. 100 X, nital etch.
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contact surface. Fig. 9a shows an example of a rail-cnd problem where a portion

of a non-end-hardent'd rail has spalled away as a result of impact and rubbing of

the vertical faces of the rail ends.

Fig. 9b shows a lOOX photomicrograph of a section cut from the end of the

non-end hardened rail piece shown in Fig. 9a. The white-etching region shown is

about 0.01 inch at the widest place and is located on the vertical end about /i inch

down from the fracture face.

There are many narrow cracks and one large crack (arrow) in the white-

etching region. Portions of the large open crack have begun to penetrate the

pearlitic base steel. Such combinations of white-etching regions and cracks probably

initiated the spall seen in Fig. 9a as follows: The white-etching region was formed

by a combination of impact and friction heating. Then, because of the typical

brittlcncss of this type of region, it cracks when struck. Eventually propagation of

cracks sidcwise into the pearlitic rail resulted in spalling.

In the last section of this paper I am going to include a summary dealing with

the white-etching phenomenon. However, at this point, in response to a question

raised by Dr. Harris at last April's Rail Committee meeting, I'd like briefly to

discuss tlie relation between rail life and heavy loads or stresses.

Rolling-Contact Life as a Function of Stress

Consideration of this relationship begins with the basic principle that we are

dealing with a rolling-contact phenomenon, i.e., moving train wheels in contact with

rails. Thus, the loads and stresses applied to the wheel-rail contact areas can be

studied using typical rolling-contact fatigue tests.

Fig. 10 is a schematic view of a typical rolling-contact fatigue rig, sometimes

referred to as a "nutcracker" because the test piece is squeezed between the two

arms. In the simple rig shown the test sample of wheel or rail steel on top is rotated

by a hardened steel drive roller on the bottom. The failure criterion used is surface

spalling of the metal test sample, as shown in Fig. 11.

There is also deformation of the test rollers, which results from the rolling-

contact testing. Before testing, the contact regions of the rollers are, of course,

crowned, but after testing they are flattened, as shown by the dark center region

in Fig. 11. This flattening of the roller test samples is comparable to the progressive

change of contour of a rail that has been in service for some time.

Using the "nutcracker" rig, Ollerton and Morey [3] at the University of Not-

tingham, England, and Bauling and Homan [4] at the University of Illinois tested

rail steel and crane wheel steel, respectively. Fig. 12 summarizes the key results

of these two studies of the relation of rolling-contact life of initially crowned rollers

to maximum static contact stress. It is clearly seen that the lower the maximum
stress, the greater the life. The dashed horizontal line at 115 ksi is the calculated

maximum static contact stress level of each wheel of a 70-ton car on eight 36-inch

wheels, and has been added to this figure to make a very practical point. That is,

this stress level for the 70-ton car is less than the stress levels used by the two

groups of investigators and would give longer life than they achieved. Yet, even

though the railroads would like to see rail life extended beyond what it is now,

they continue to go to heavier and heavier cars which produce higher wheel loads,

a tiend wliich is in basic contradiction to the goal of increased rail life. To take

just one example, a lOO-ton car produces a calculated maximum static contact stress

of 122 ksi per wheel, i.e., 7 ksi more per wheel than a 70-ton car.
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Fig. 10—Schematic of typical rolling contact fatigue rig with test

roller at top and drive roller at bottom.

8

Fig. 1 1—Photograph of portion of rolling contact area of three samples illustrating

typical spalls produced during rolling contact tests. Flattened, uniformly darkened central

region of surfaces results from deformation of originally crowned surface of the rollers.
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Fig. 12—Rolling contact fatigue life of crane wheel and railroad rail steel is longer at

lower calculated maximum contact stress. Data obtained from References 3 and 4.

But this still is not the whole story, because in these examples the stresses

are calculated for static contact rather than for the far more destructive conditions

created by the dynamic stresses of the real-life situation. Though the relation

between rail life and dynamic stresses has not been exhaustively documented, the

repeated vertical and lateral impact loads characteristic of the real-life situation are

known to far exceed the static stresses indicated for the 70- or 100-ton cars and

they can cause the white-etching regions described previously.

CONCLUSIONS

To sum up, we have discussed white-etching regions resulting from: (a) trac-

tion-adhesion conditions on tangent rail surfaces, (h) impact loads on the surfaces

of crane rails used as car-dumper lioop rails, and (c) repeated loads on the vertical

face of a non-end-hardened bolted rail. The white-etching regions described are

caused by various combinations of high compressive or impact loads and heat.

Whatever the particular cause or causes, the white-etching regions and the resulting

spalling create maintenance problems for the railroads.
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In a rolling-contact fatigue test, rail steels have longer life at lower maximum
static contact stress levels than at higher stress levels.

Although the trend is toward larger loads and more powerful locomotives, in

the last analysis railroad people must constantly calculate the real economic

optimum by balancing the profit gains from heavier loads against the increasing

costs of greater rail maintenance or decreased rail life.
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Repair of Concrete Structures with Epoxy Compounds

By J. A. HEINEN

Manager of Materials Technology and Product Development
Sika Chemical Corporation

The title of this talk is "Repair of Concrete Structures With Epo.xy Compounds."
If space permitted, we could probably add the words "rehabilitation," "redesign,"

"reco\ery," and "renoxation."

On the theory that "pictures are worth a thousand words" and are much more
interesting, I'm going to limit this talk really to showing you a series of slides

where repairs to concrete structures have been made using epoxy resins. Now,
unfortunately, in this series of slides you will notice that, with one exception, none
of them are railroad structures. Now I'm not prepared to say whetlier that's testi-

mony to the longevity and integrity of railroad structures or whetlier it is a coinci-

dence, but in any event, let's take a look at some slides.

(Slide 1)—This is what occasionally happens to concrete structures. In tliis

case it happened when a rusty old barge ran into the Chesapeake Bay Bridge Tiui-

nel and the repair procedure decided on was the use of the high-strength, non-

brittle material known as an epoxy mortar. The method for accomplishing this was

to build some small steel forms which would accommodate themseKes to the con-

figuration of the ends of the beams, to line those with polyethylene as a bond-

breaker for the epoxy and then to design an epoxy mortar that was pourable so that

it could be poured into the space between the fractured concrete and the poly-

ethylene-lined forms. Here (Slide 2) you .see that done. Those beams which were

damaged on the Chesapeake Bay Bridge Tunnel were repaired using epoxy mortar.

A little later on you will see that there were also some cracks which additionalK'

were repaired using low-viscosity epoxy systems.

liiii. 6:ta



600 Special Features

(Slide 3)—Here is a prestressed beam that is exhibiting a slight amount of

distress

—

nothing serious, just near collapse—and the idea here is how do you go

about repairing something like that. What do you replace it with? After all,

this is 5()0{)-6000-psi concrete that is failing here—a relatively brittle material. It

doesn't st^m to make much sense to go back and replace it with some more 5000—

6000-psi concrete. Well, we decided that a stronger, less brittle and tougher mate-

rial would have to be used, and the material selected was an epoxy resin system in

mortar form. Procedure (Slides 4, 5 and 6) was to jack the beam up slightly off

the support; chip out all loose or deteriorated concrete; clean the steel off thoroughly

and then to prime the existing concrete with a prime coat of the neat epoxy resin.

Plywood form sections, lined with polyethylene were used. Polyethylene is an

excellent bondbreaker for the epoxies. Layers of epoxy mortar were put in place,

carefully rodded and consolidated up against the existing concrete and around the

reinforcing steel. This was done in sections from bottom to top, and with some

of the fast-curing epoxy resin systems these forms would have to stay in place for

maybe an hour and a half to two hours. They can then be stripped, and the fol-

lowing day the supports could be removed and tlie beam could be allowed to come

to rest on the pedestal once more. An additional feature of this particular job was

that the deck itself had to be beefed up and they added, I believe, 4 inches of

concrete to the deck to the existing concrete, again using an epoxy bonding agent.

(Slide 7)—This is something else that occasionally happens to concrete, and,

unfortunately, it always happens in the worse places to try to get to or to try

to repair. As you can see many times it is in the tension side of a piece of con-

crete, which makes it a little nastier yet. Well, what do you do in a case like this.

You can again clean out your deteriorated material to sound concrete, go in there

with a form jack and a temporary form lined with polyethylene (Slide 8). Make
your repair by grinding the existing concrete and using an epoxy mortar. That is a

dry silica aggregate mixed with the epoxy resin system. It's a fast method of

repair, a strong method of repair, and it's a method of repair using a material with

approximately 10 times the tensile strength of the concrete.

(Slide 9)—Now here is one of those unusual cases that people don't try to

explain. This is a bridge that for some reason didn't want to come to bear on its

pier or pedestal. And for reasons unknown to me the owning authority did not

want to insert a thicker bearing pad to make up tlie difference. What they wanted

was a very high strength non-brittle material to take up the space between the

bearing pad and the surface of the concrete. Their method was to jack that par-

ticular portion of the structure up and to take an epoxy material having a viscosity

like grease and using a caulking gun to insert that material. It was squirted in

under the bearing pad, and while the material was still in the uncured state to

remove the jack and allow the entire structure to come down on die epoxy, seek its

own level, ooze out any excess epoxy that it would, and then the excess epoxy was

merely removed with a putty knife (Slide 10). The structure now bears solidly on

a cured epoxy resin system with a compressive strengdi somewhere between 10,000

and 15,000 psi, non-brittle, low modulus, resistant to gasoline, salt solutions and

whatever else might drip down through the joint (Slide 11).

(Slide 12)—Now, here's a different kind of joint. It is a joint tliat God has

made. However, when He makes them we call them cracks. This business of re-

pairing cracks in concrete can be very complicated or it can be made somewhat
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simple. We prefer to keep it pretty simple. There are basically two diings you can

do to a crack in concrete. You can try to hide it or you can fix it. By fixing, I mean
to grout or weld it back together. I'm assuming now diat the only thing that will

do this successfully is an epoxy resin system. Two methods are available. Those

t\\'o methods can be classified as tlie gravity method of grouting or the pressure

method of grouting. In a horizontal surface, of course, if you have a crack with a

little size to it you can take a crack router and open the surface of the crack until

you have something that looks like this (Slide 12), then by hand and by gravity

you can simply pour in a low viscosity epoxy system to fill up the crack ( Slide 13 )

.

Now you have to seal off the bottom of the crack, particularly over parking spaces

underneath, otherwise you'll have a law suit on your hands. Epoxy resin is just a

little bit difficult to get off after cure. Assuming that the cracks are considerably

smaller and that we are not about to depend on gravity alone, we can then do

something like this: You can seal off the surface of the crack with some material,

could be a portland cement material, could be a gelled epoxy material, could be a

glue or something of that nature, and at intervals along that crack insert some type

of a nipple, some type of an entering device. Then taking a relatively simple piece

of equipment, a hand-operated caulking gun, we can actually take the low viscosity

epoxy material and pressure grout the cracks. A standard 99-cent hand-operated

caulking gun will do. That device, believe it or not, will build up about 80 lb of

pressure and will drive the low viscosity epoxy material a long long way into the

crack. There are going to be times and instances where, because of the location of

the job and tlie characteristics of the labor, you have to keep it just as simple as

possible.

Now here is just such a job ( Shde 14). This happens to be a pier. It's in

South America. A three-year project. During the course of that three-year project

there was a period of about three montlis when this particular structure was vulner-

able to earthquake damage. I know you've all heard of Murphy's Law. That is when

they had the earthquake 3/2 years ago in Peru. On this particular structure the

beams, which were to be posttensioned, also sufl^ered slight distress: 4 to 8 of these

cracks (Slide 15) per beam. Now there already had been a lot of money spent on

this structure and the engineers definitely wanted to salvage it, and the way they

selected to do this was to weld those beams back together using an epoxy resin

system and posttensioning the beams as originally planned. The method used there

was to drill holes right into the crack at anywhere from 6 inches to 2 ft intervals,

u.sing an electric drill and a carbide drill bit (Slide 16), and then to .seal off the

surface of the crack, in this case with a gelled epoxy material (Slide 17). At this

point, the crack was ready for injection of the low-viscosity epoxy grout. However,

e\'entually these beams were to be posttensioned and it would have been a mess if

we had filled up that duct with epoxy. Well, we weren't sure whether the ducts

were going to leak so we took some polyethylene tubing and shoved it all the way

through the duct and we then grouted the crack (Slide 18). It turned out it was

a good thing the polyethylene tubing was put in there because a number of gal-

lons of tlie epoxy did wind up in the duct. The method cho-sen here, rather than

complicating things with local labor and a 4 or 5 thousand dollar metering, mixing

pumping unit, was simply to u.se a hand-operated caulking gun. The theory here

was that such a device is almost idiot-proof. You can't build up so much pressure

that you can rupture the concrete and the results bore out the fact tliat this little
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clc\ice is very efficient. Thirty-incli sciuare beams were completely grouted with

just one entry port.

Here is the same type of thing (Slide 19). You see some of the cracks on the

Chesapeake Bay Bridge that ha\e been treated in exactly the same way. All were

drilled. One-way polyethylene valves were inserted. The base of the crack was

sealed oil with the epoxy material. And again, a hand-operated caulking gun

(Slide 20) \\'as used to inject the epoxy grout into the crack. On work like this

other devices can be used tliat will build up higher pressure. There are metering,

mixing pumps on the market which will do this. A grease gun will build up tre-

mendous pressure.

Now this job (Slides 21, 22, and 23) falls more to the cla.ssification of re-

design and renovation. This is a bridge structure on which it is anticipated that

much higher loads will be encountered in the future, and a redesign indicates that

in order to accommodate those loads, 6 inches of additional concrete will have to

be added to tlie existing deck. For that to be successful the new concrete will

have to be bonded to the existing concrete so the whole thing \\'ill act as a mono-

lithic structure. You can also see that there is quite a bit of steel, and you can

imagine, I think, that there is no way to get a bonding agent onto tlie existing

concrete other than to spray the material; and in tliis case, that's exactly what was

done. A liquid epoxy bonding agent was sprayed through the reinforcing steel onto

the existing concrete. Immediately after the application of the bonding agent a

well-designed concrete mix was placed.

Now I have just four more slides that I'd like to show you (Slides 24, 25, 26,

and 27) that are not repair, not rehabilitation, not redesign, recovery or renovation.

I brought these along for one reason and that is to show you tliat epoxy resin

systems are easily used in new construction as well as for repairing and renovating.

This is a railroad bridge consisting of precast concrete box beams (Slide 24), the

keyways of which are going to be filled with an epoxy grouting system. Each key-

way, underneath the small opening, is approximately 6 inches high and ranges

from /2 inch to 1/2 inches in width. Here you see the method of sealing those. Low
viscosity epoxy is mixed in a plastic garbage can. Some aggregate, tlie amount pre-

viously determined, is added to the epoxy. The whole thing is mixed up with an

electric drill in the garbage bucket ( Slide 25 ) . Here you see a close-up of the key-

way we are talking about ( Slide 26 ) , and the material is then simply poured into

the keyways using the pails that the epoxy originally came in ( Slide 27 ) . When
cured, we are talking about 12,000 to 14,000 psi material tliat is non-brittle. You're

just not going to have a failure of the keyway material. You may have a failure of

the concrete, but not the keyway material. So the materials are being used in new

construction as well as existing construction.

Will these materials perform miracles? No they won't. Will they do a job if

used intelligently, recognizing that they, like all other inaterials, have linu'tations?

Yes, they will.
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Slide 2 (above)—Pouring epoxy grout

into form to repair damaged concrete.

Slide 1 (left)—Concrete brol<en out

to rebars.

Slide 3—Cracked prestressed concrete

bridge beam.

Slide 4—Concrete chipped out to and
behind rebars.

Slide 5—Repair being made with epoxy

mortar behind polyethylene-covered form.

Slide 6—Repair completed with series

of forms.
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Slide 8 (above)—Repair made with

epoxy mortar.

Slide 7 (left)—Damaged concrete underside

of ftoorbeam.

Slide 9 (above, left)—Bearing plate not

resting completely on concrete.

Slide 10 (above, right)—Epoxy gel being

forced under plate, vi/hich was jacked up.

Slide 1 1 (right)—Full bearing after repair.
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Slide 12—Widening and cleaning of cracks

by routing machine.

Slide 13—Pouring epoxy into prepared

crack.

Slide 14—View of pier beams under

construction.

Slide 1 5—Crack on top of beam caused

by earthquake.

Slide 16—Drilling into crack on side of Slide 17—Sealing of crack and anchoring
beam for insertion of polyethylene valves. of valves with gel-type epoxy.

Slide 18 (right)—Grouting into valves

using low-viscosity epoxy, hand-operated
caulking gun and disposable cardboard
cartridge.
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II I
Slide 24—View of beams showing

keyways.
Slide 25

—

Mixing paddle on electric dril

to mix epoxy and sand.

Slide 26

—

Close-up view of keyway. Slide 27—Pouring epoxy-sand grout.

It 11 1. H-.l.l



Ground Rules for Discussion Section

Coiiinients on tlie reports and papers published in the four technical issues of the

AREA Bulletin, by either members or non-members, are invited. These comments
will be printed in a special discussion section located in the back of the Bulletin

and in accordance with the procedures outlined below. The purpose of the section

is to stimulate greater interest in the published reports and papers and to offer to

those not involved in their preparation the opportunity to present their thoughts

on the different subjects, whether pro or con, based on their knowledge and

experience.

For the information and guidance of all concerned, here are the ground rules

adopted by the Board of Direction for handling and publishing comments on AREA
published papers and reports:

• Letter containing comments must be addressed to executive manager, be

received by the deadline published with paper, contain identification number of

paper or report, and be identified witli writer's signature, typed or printed name,

title, company and full address, includmg zip code.

• Reader's comments will be forwarded to author or appropriate committee

for further comments or rebuttal.

• Both reader's comments and author's reply will be published at the same

time and in the earliest Bulletin having space available.

• All comments must be in good taste, add to discussion on the subject of

paper or report, and be constructive in nature.

• Board Committee on Publications will be the review or mediation group

should some problem or sometliing questionable arise.

• After deadline, no furtlier comments on a particular paper or report will

be accepted for publication, unless extenuating circumstances exist.

Identification number of papers open to discussion will be located near the

tide and must be used in comments to positively identify the paper to which they

refer. Comments on committee reports should refer to tlie proper committee and

assignment numbers.

Deadline for comments will be given in a footnote on the first page of the

paper or committee report, the latter covering all of the subcommittee reports of

that particular committee. In general, this deadline will be approximately 90 days

after date of issue. However, this will vary to some extent because the intervals

between issues of die Bulletin are not constant throughout the Association's publica-

tion year, which extends from September to July, inclusive.

The Board of Direction feels that, with the cooperation and interest of all

concerned, discussions on papers and reports published by die Association should

prove to be both stimulating and informative.

(JOiS
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f^RSHAW Trackwork Machines

Weed And Brush Cutter (Track Patrol)

Designed, Tested, and Proven

on America's Railroads

Kershaw
MANUFACTURING CO ^

MONTGOMERYWALABAMA

'rackwork Equipment Developed and Proven On the Job
lavy Duty Ballast Regulator, Scarifier and Plow, Standard Ballast Regulator, Sacrifier and Plow,

jck Broom, Super Jack-All, Standard Jack-All Kerstiaw Kribber, Two-Wheel Kribber, Tie Bed Sacrifier

J Inseter, Track Undercutter-Skeletonlzer, Ballast Cleaner, Crib-Adze, I^ocar Crane, Track Crane and

B Inserter, Utility Derrick, Two-Ton Rail Derrick, Tie Replacer, Dual Tie Saw, Track Liner, Snow

vitch Cleaner, Weed and Brush Cutter (Track Patrol).
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^
NEW
Stop Clamp
Fittings

^^P^ Provide easy hand

f;^;jl; assembly of large

;0 dy^ size hydraulic hose.

Just tighten the bolts until

clamp halves stop drawing.
No torque wrench is needed.
Stop Clamp Fittings elim-
inate problems of: gap be-
tween halves, hose cutting
and cold flow of rubber. They
provide clamp coverage all

the way around the hose.
Aeroquip Corporation, In-

dustrial Division, Jackson,
Michigan 49203, a subsid-
iary of Libbey-Owens-Ford
Company.

FREE! For more informa-
tion, Aeroquip Industrial
Bulletin 5101.

^^eroquip
INDUSTRIAL DIVISION
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Subox® covers in one coat, goes

on over old surfaces, lasts

indefinitely, prevents corrosion

from above and beneath and it

won't crack or peel. It even pro-

vides an excellent surface for

repainting years from now.

You can count on it with a Subox
system, from BASF Wyandotte.

We provide practical on-the-

site help in surface preparation

learned in our many years of

experience in metal cleaning

and treatment. Plus the applica-

tion techniques needed for your

particular considerations.

Let us convince you with the

proof — some of the most inter-

esting case histories you'll ever

see. Our BASF Wyandotte Subox
coating representatives are itch-

ing to show them to you.

Don't settle for less than Subox
coatings. Send the coupon today!

BASF Wyandotte Corporation

Wyandotte, Michigan 48192

Our Subox one-coat

anti-corrosive coating

system really works
(send coupon for proof!)

BASF Wyandotte Corporation

Chemical Specialties Division

Railroad Sales Department
Wyandotte, Michigan 48192

Gentlemen:

O.K. Prove it! I'd lil<e to see your case histories on Subox system
applications.

Name

Company

Address

City State. -Zip-
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FOR PERFORMANCE
RELIABILITY

1

Wf^S"-
of 77,500 pounds," is typical
service report.

Easier To Install— Bonded and
unitized construction cuts
VulcaBond components by
nearly 80% over ordinary rail

joint packages, reducing instal-
lation time and labor.
No wonder the VulcaBond in»

sulated rail joint is a success.
It does the job . . . and does it for
less cost!

VulcaBond is a proven success
in railroad installations coast-
to-coast because it delivers
lower maintenance costs and
higher operating efficiency.

Stronger — VulcaBond was
tested with crushing 22 ton load
(400,000 in. /lbs. between sup-
ports). After 2 million cycles the
joint didn't give in. It's of rugged
durable steel construction.

Lasts Longer — VulcaBond's
Buna-N insulation is prepared
to endure long, heavy use and
temperature-moisture ex-
tremes. And it resists grease
and oil while maintaining
10,000 megohms resistance or
more.

Needs Less IVIaintenance —
"VulcaBond required no main-
tenance in 34 months of track
yard service under wheel loads

Write for VulcaBond Literature V-969-R.

The JOHNSON RUBBER COMPANY
RAILROAD PRODUCTS DIVISION

10625 JOHNSON STREET* MIDDLEFIELD. OHIO 44062 • Phone: Area Code (216) 632-2111

Pat. No. 3,201,046
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JACKSON
MODEL 4000 TAMPER

The Versatile Maintenance Tool
We call our popular Model 4000 tamper The
Versatile Maintenance Tool, because that's what
it is. A lot of people agree with us ... on trunk

and short line roads, in plants £ind among railroad

contractors. The Jackson Model 4000, you see,

delivers high quality vibratory tamping in any
kind of Lift. It is so effective at tamping low joints

because of its ability to nip ties out of cemented
or mucky ballast, that the Jackson Model 4000

tamper is the prefen-ed machine for this type of

service. It's equally efficient on main lines, in

yards and at switches.

The Model 4000 is loaded with features, start-

ing with the famous Jackson patented vibratory

system, suspended on the latest rigid work head

configuration which gives more tamping force

than any compau'able unit. It is equipped with

pnevunatic tires and can legally travel on hard

surface roads, at up to 23 MPH, carrying its crew
to and from the job site. It is easily placed on
track or removed, at grade crossings. The Model
4000 is the only tamping machine designed as an
on and off unit from the wheels up. Of course, it's

quaUty built throughout, or it couldn't wear the

Jackson "J".

With rail clamps and jacks as standard equip-

ment, the Model 4000 can be used with a hght

beam for precise electronic control of surfacing.

Here's a suggestion . . . contact Jackson today

and get the full story of how other equipment-

wise men are getting everything they want, and
more, from the Model 4000. A demonstration will

convince you, as it did them, that the Jackson

Model 4000 is THE Versatile Maintenance Tool.

JACKSON VIBRATORS, INC.
332 South Michigan Avenue, Chicago, Illinois 60604

Telephone: 312-922-6604 • CABLE: JAKTAMP
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Here's the Best-bf-Everything, New,

JACKSOIM 5000 SYSTEM

NOW! ONE MACHINE THAT GIVES.

Positive placement of ballast

Firm positioning with
minimum void

No destructive pulverizing

Jackson has developed a new, automated, tie tamping

machine that is the first to give you the best of all three

types of tamping . . . vibratory, squeeze and impact. For

over forty years Jackson has proved that vibration is the

most positive method of placing ballast under ties with

a minimum of void and no destructive pulverizing.

Now, without sacrificing the effectiveness of vibratory

tamping, we have incorporated a new double squeeze

system. This first of its kind, an>'where, Jackson 5000

System is the first major improvement in tamping

methods in years.

The command module features all solid state fingertip

controls, full visibility and an efficiency-designed work-

ing environment.

The automatic surfacing, lining and tamping module,

built on a truss beam lifting concept, has no shoulder

jacks or other projections to interfere with close clear-

ance. The Jackson 5000 System clamps, lifts track and

tamps by simultaneous vibratory, squeeze and impact

action to place uniform, high-density ballast compaction

right where it's wanted . . . under the ties at the base of

the rail. Forget about center bound track with this unit.

The combination vibratory, squeeze and impact work-

heads simultaneously direct ballast toward the tie and
toward the base of the rail at pressures adjustable to 2000

psi in each direction. This double squeeze action is fur-

ther enhanced and the ballast super-condensed by

Jackson's famous vibratory action at 4500 vpm. Our
tests show work capability of 1600 feet per hour, with

one insertion for normal raise.

The 5000 System is designed to work with Jackson's

patented electro-optic servo control for surfacing and

lining.

If you're looking for a superb quality, precision auto-

mated tamping workhorse that includes the latest think-

ing in vibratory, squeeze and impact forces electronically

directed and applied to high production surfacing and

lining operations, the new Jackson 5000 System has it all.

Contact us for a full description and a demonstration.

JACKSON VIBRATORS, INC.
332 South Michigan Avefiue, Chicago, lllir

CABLE: JAKTAMP
Telephone: 312-922-6604
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SAVE $366.34 PER MILE
OF DITCHING AND PROFILING. HOW?
WITH A JORDAN DITCHER-SPREADER

Figure it

out for

yourself
View from top of Jordan cab.

USING A JORDAN SPREADER

1 Jordan with work train

(Including fuel and rental) $300.00

2 Operators: $35.00 each
per 8-hour day 70.00

370.00
Work on track: 6-hours

per day ($370 ^ 6) = 61.66 per hour

A Jordan can do one mile per
hour* profiling and ditching.

Cost per mile 61.66 per mile

Number of miles of work per
6-hour day 6

*A Jordan works both sides of the track simultaneously.

ng material from c

USING OFF-TRACK EQUIPMENT

1 1 80 HP crawler tractor, with dozer
blade, per day $155.00

Operatorand fuel 90.00

1 Motor Grader, diesel 98.00

Operator and fuel 85.00

Cost per 8-hour day $428.00

This off-track equipment can profile and
ditch both sides of a 1-mile stretch of

track in an 8-hour day.**

Cost per mile $428.00

Numberof miles of work per 8-hour day 1

Costs and figures are averages and will vary depending upon local conditions and material being worked.

Everybody agrees drainage Is important... and

that's v»/hat a Jordan gives you... the profiling

and ditching that mean good, long-lasting

drainage. Off-track equipment can, too, ...at

one-sixth the speed and about 700% more cost.

You can choose between $61.66 per mile and

$428.00 per mile.

For years Jordans have been acknov»^ledged as

the most efficient and economical movers of

huge amounts of material. They're for the big,

tough, expensive jobs. And today they're

better-than-ever because of new instant-action

hydraulic controls and a new corps of service

engineers who teach improved Jordan opera-

tion and maintenance techniques.

If you'll contact us we'll tell you about the

Jordan... as a super-ditcher/profiler, a massive

mover of dirt, and a snowplow's snowplow.

What can you lose except $366.34 per mile?

0. F. JORDAN COMPANY
DIVISION OF JACKSON VIBRATORS, INC.
332 South Michigan Avenue, Chicago, Illinois 60604 312-922-6604
Cable: JAKTAMP
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upgrading Timber Brtdges?

%A
can help your timber bridges

carry heavier loads

and last longer with minimum repair
This professional Osmose team is cruising one of 202 timber bridges on a

subdivision of a major U.S. Railroad. On completion, specific recommenda-

tions were given the chief engineer to treat, defer or replace, backed up by

detailed boring records. This is one more way Osmose assures you that

maintenance dollars are spent where needed most...

without cost or obligation to your company.

RAILROAD DIVISION

98 O ELLICOTT STREET / BUFFALO, N.Y. 142 9
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1. SELF-PROPELLED

AD2ER

2. BALUST
ROUTER

3. CRiBEX

4. DUN-RITE
GAGING
MACHINE
AND BRONCO

5. HYDRA-SPIKER

6. LINE INDICATOR

7. PLATE PUCER
8. POWER JACK

9. POWER WRENCH

10. RAIL DRILL

11. RAIL GANG
SPIKER

19. SWITCHLINE{

20. TIE-AXE

21. TIE DRILL

22. TIE HANDLER

23. TIE SPACER

24. TRAKLINER*^

2S.TRAK-SURFACER

25

Nordberg' machines

that can

CUT MAINTENANCE COSTS

IN 1971IV# I Call or write for complete information

about any or all of these time and
money-saving Mechanical Muscles®. . .

Nordberg maintenance-of-way machines.

NORDBERG -DIVISION OF REX CHAINBELT INC.
P.O. Box 383, Milwaukee, Wis. 53201
Phone (414) 744-2345

CI197I NORDBERG R17IR-S
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complete
culvert

Consider for a moment your problem culverts — if you
have "pat" solutions you may be substituting for the best

solutions.

Let us inspect and make our recommendations to you
without obligations.

EXPERIENCE— our years of

experience have taught us not to jump
to conclusions where culverts are

concerned. Experience is beneficial

to us and fo our customers v^fhere

railroading is concerned.

COMPARATIVE STUDY— various

alternatives for culvert rehabilitation is

a must. After a thorough check the

Restoration Division of Penetryn will be
able to determine the economical

answer to the alternatives. Repair?

Line? Install Pipe? They will know
the proper solution for individual

culvert restoration.

ANALYZE— the Restoration Division

of Penetryn will provide you with the

solution only after analyzing: costs . .

.

drainage requirements . . . design

restrictions . . . structural conditions

. . . fill changes and floor requirements.

You might feel you have an easy
solution, but is It the best solution?

Ask us.

MAIN OFFICES:

PENETRYN

PENETRYN SYSTEM, INC.

RESTORATION DIVISION
38399 PELTON RD.

WILLOUGHBY, OHIO 44094
PHONE (216) 946-4450

424 OLD NISKAYUNA RD.
LATHAM, NEW YORK 12110

518-785-6669

NATIONWIDE RAILROAD CONTRACTING SPECIALISTS FOR MORE THAN 40 YEARS.
Penetryn also specializes in tunnel and bridge restoration — chemical and cement grout con-
solidation and waterproofing.
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ESCO
To the Railroads

What 18 Carat Is to Gold

JIM DICKEY

TOM GEHR

TOM KENNEDY

St. Louis Chicago Philadelphia



Developed and Built

for Railroad Maintenance

180° BOOiM SWING

PO£S ALL JOBS!

ROOTS AND LOADS TIES

• LAYING STANDARD RAIL

LAYING WELDED RAIL

CUTS MAINTENANCE COSTS

12 ¥AS1 CHANGE ATTACHMENTS
• Forks

• T/4 Cu. Yd. Bucket
• Tote Hook
• 18' Boom Extension

• Fork Tie Baler

• Track Cleaning Bucket

• Back Hoe
• Clamshell

• Back Filler BlacJe

• Pull Drag Bucket
• 4 Cu. Yd. Snow Bucket
• Pile Hammer

Optional Attachment

Flanged Wheels, H/draulicoliy Controlled

PETTIBONE MULLIKEN CORPORATION
RAILROAD

141 W. JACKSON

DIVISION

CHICAGO 4, III.

IDE TRACK CLEANING BUCKET'

80 Years of Service

fo the Railroad Industry
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PLASSER f resents ...^noth

3ir5t Witli

The laser beam provides a 2,500-foot foresight or

more if desired. You can remove swings and inter-

mediate discrepancies within 1/32 of an inch of

perfect straight line in that length segment of finished

track.

-pUASSc^-

^ORMANSi^

"Cannon" of self-propelled front buggy
generates laser beam that takes the

form of a vertical plane % jpch thick.

Loser beam is projected to Plasser Uni-

versal 06-16 tamper-liner approximately

2500 feet in background.

THE PLASSER TRADE-MARK IDENTIFIES PRODUCTS WHICH
YOU CAN BUY WITH COMPLETE CONFIDENCE
THAT EACH UNIT IS THE FINEST OF ITS KIND.

ALL OF PLASSER'S RESOURCES, ITS LONG YEARS

PLASSER CANADIAN CORPORATION
2705 MARCEL STREET

MONTREAL, QUEBEC, CANADA 382
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Laser Beam Lining
The laser beam is not affected by wind, dark, light,

heat or cold, or fog, always providing a true source

of reference so that large or small corrections can

be made, producing perfect straight-line track.

IA-. FOR <.l

^<5pormanS5^

Receiver-sensor, mounted on front end
of Plasser Universal tamper-liner, acts

to cause long-chord wire of lining de-

vice to be brought into line with laser

beam, thereby causing corrections in

alignment to be made automatically.

OF EXPERIENCE, THE TECHNICAL SKILLS OF ITS COMPLETE
LABORATORIES AND TEST DEPARTMNTS STAND BEHIND

THIS PLEDGE. YOU CAN EXPECT INNOVATIONS
FROM PLASSER.

PLASSER AMERICAN CORPORATION
EXECUTIVE OFFICE: 332 SO. MICHIGAN AVE., CHICAGO, ILL 60604

GENERAL OFFICE & PLANT: 2001 MEYERS ROAD, CHESAPEAKE, VA. 23324
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THE DOUBLE U RAIL ANCHOR

ACHUFF RAILWAY SUPPLY CO.
ST. LOUIS, MO.

<lii^p>
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New-Universal
Track Machine
maintains track right-of-way faster,

better than any other method

This new concept in railway maintenance equipment is designed
to perform all functions simultaneously in a single-pass operation
to provide the ultimate in railway track drainage efficiency.

It is the only equipment available that performs maintenance
coupled with the ability to utilize highway crossings for quick track
clearance and fast movement from job to job.

The UTM, with a single operator and 3-mph production rate,

destroys shoulder and tow path weed growth and eliminates mud
pockets.

The "plus" feature of this machine is its ability to move quickly
from track to highway operation. It can be removed from the track
in 15 to 20 seconds and placed back on track in less than a minute.
Result: More "on-track" work time!

The Universal Track Machine is available on lease, sale, or service

contract basis. For additional information, write or telephone:

RAILNA/AY PRODUCTS CO.
A DIVISION OF THE MARMON GROUP, INC.

P.O. Box 1511, Knoxville.Tenn. 37901
615 525-6224
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HABCdj Satisfaction tlirougli service

Specialists and manufacturers in the field of vegetation control.

SOIL STERILANTS CONTACT CHEMICALS
GRANULES—HABCO HYCHLOR . . . HABCO DACONATE . . , DACAMINE . . . 2,4-D's

5H . . . HABCO lOK ... OF ALL KINDS
HABCO lOT . . .

LIQUIDS —CHLORATE-BORATE . . . HYVAR BRUSH CONTROL
X . . . KARMEX . . . TELVAR AMMATE . . . DYBAR ... ALL COMBINA-
. . . ATRATOL . . . PRAMITOL TIONS OF 2,4-D AND 2,4, 5-T

YOUR APPLICATION OR OURS

Horne-Boatright Chemical Company, Inc.

Our regional representatives are as close as your telephone.

Douglas Boatright Robert E. Lund
Room 604, Transportation BIdg. 1040 Coulter

Birmingham, Ala. 35203 Winnipeg 3, Manitoba
205/252-6715 204/786-3421

Donald E. Home John A. Forderhase
7301 West Lake St. 2251 Armour Road

Minneapolis, Minn. 55426 North Kansas City, Mo. 64116
612/929-4689 816/421-1488

Lefton Iron & Metal Co,
ExecufiVe Office: 205 So. 17th St. • East St. Louis, III.

PHONE (314) 241-7100

Your Best Source
for

RELAYING RAILS, ACCESSORIES,
TRACK SPIKES and BOLTS

NEW and RELAY
TRY US FOR REAL SERVICE!

and SAVINGS
ALL INQUIRIES PROMPTLY HANDLED
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TIE HANDLER from RTW...

with 24'fooUreach
articulatingboom!

Lifting capacity-1500 lbs. at 12'6"to

750 lbs. fully extended.
• New rotating decl( design
...no adjustments needed

• Thermostatic controlled

oil temperature in

hydraulic circuit

• Low maintenance

• Hydrodynamic plus

mechanical brakes,

on all four wheels

Many other features for high production, low maintenance. Choice of two

other tubular-type booms (all interchangeable): Fixed 24-ft.. and manually

adjustable 18-24-ft. From RTW. the people with the longest experience in

tie handling. Get full details today. Call (215) 739-4281.

RTW
OTHER RTW MAINTENANCE EQUIPMENT • Switch Grinders Cross Grinders -Surlice Grinders -Rail Drills • Tie Hindlers MEMBER

RAILWAY TRACK-WORK CO. 3207 Kensington Ave , PhiUidclphia, Pa 19134 • Afenli: Chiogo Aff— Collins Equppmenl Co. • Houston - Service Equipment S. Supply Compjny . Los Angeles- ^^»««
SImklns Company . Louisville — T. F. Going • Omaha ~ Dodge engineering Company St. Louis e.o.".... 1

I Co. • Canada: Montraal — WoodlngsCanada Ltd. • Winnipeg — Harvey Equipment Co. i.irnvn ^^- R. E. Bell I
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SEALTITE HOOK BOLT

Fastens timbers and ties to steel beams. Easy

to install, long-life. Fins prevent turning.

I Spring lock holds tension.

SEALTITE SPRING LOCK

Maintains tension as timber

changes by weather or wear.

SEALTITE DOME HEAD DRIVE SPIKE

Fastens timbers and plank decking on grade crossings,

bridges and docks. Wide, smooth head seals opening,

wears well.

LEWIS WASHER HEAD TIMBER DRIVE SPIKE

Fastens highway crossing planks, bridge guard rails and
general timber construction. One-piece head. Easy to

install and remove.

e T I'Fl^^AT'IS BOLT & NUT COMPANY
504 MALCOLM AVE. S.E., MINNEAPOLIS, MINN. 55414

CUT TIE REPLACEMENT COSTS

Racine Plate-Boy cleans ties, lifts rails

Racine Plate-Boy quickly pays for itself by

reducing the cost of cleaning ballast from

ties and inserting the tie plates.

Used behind the tie inserter and tamper,

Plate-Boy sweeps the ties on both sides of

each rail, and lifts both rails just the proper

amount to insert the tie plates. Sensitive

hydraulic controls prevent excessive "hump-

ing" of rails.

Only an operator and one laborer are

required, saving the work of two men. Costs

are further reduced by using reclaimed air

hoses for broom bristles.

To find out how this dual-purpose ma-

chine can help you beat the labor shortage

and high M.W. costs, see your Racine dis-

tributor, or write.

RACINE RAILROAD PRODUCTS, INC.
1524 FREDERICK STREET

ANCHOR-FAST • ANCHOR-TIGHT

OIL PRESSOR • ANCHOR-MATIC

• RACINE, WISCONSIN 53404

PLATE-BOY • RAIL SAW • RAIL DRILL

TRACK GAUGER • BALLAST CRIBBER



VEILING, LINING, TAMPING...

ONE OPERATION, with ONE OPERATOR

PROJECTOR

.ELECTRONIC
REFERENCE

, FEELER
detects position
of track in spiral

or curve at every
tie and leads
Inlormetion to

"Auto-Control"

LINER UNIT

WORKING
SHADOW BOARD
controls lining at

point wliere
lilting, levelling

end lamplng_
Is done.

RECEIVER
BUGGY
"Auto-Control"
continuously
positions
receivers
elficlronically to

satisfy ideal curve
requirements and
establishes
required amount
ol track

correction.

The Autojack Electromatic

with Autoliner leads the way

through these advantages:

# Gives the highest possible degree of accuracy by electronic

beams projected 100 feet in advance of where levelling,

lining and tamping are taking place.

# Automatic, continuous operation for both tangent and
curve track.*

# No plotting of spirals or curves required. Machine computes
as it runs for the best transition.

# No disturbing or humping of track— lining takes place

simultaneously with lifting and tamping ahead of tamping
tools.

# With the Autoliner, it is possible to make a minute throw
and have it stay there because tamping is done in correct
alignment.

'Model ALT for Tangent track and Model ALC for Tangent
and Curve Track, both available as attachments for

existing AUTOJACK ELECTROMATICS.

Head Office & Plant— 2401 Ed-
mund Rd., West Columbia, S. C.

29169 . 8 03/794-9160
Plant— 160 St. Joseph Blvd.,

Lachine (Montreal), Que., Canada
• 514/637-5531

Parts Depot— 1902 University

Ave., St. Paul, Minn. 55115 •

612/645-5055

Sales, Service & Parts— Tamper
(Australia) Pty. Ltd., 34 Mcin-
tosh St., Airport West, G.P.O.
Melbourne, Victoria 3042, Aus-
tralia • 379-8441
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KERITE
CABLE

For dependability in actual use, no other cable

matches Kerite. We believe you will be im-

pressed by the evidence.

THE KERITE COMPANY
PRINCIPAL OFFICES: Boston; Chicago; New
York; Philadelphia; San Francisco; and
Seymour, Connecticut • Sales Representa-
tion throughout the United States. A sub-
sidiary of Harvey Hubbell Incorporated.

RITE insulation that makes the difference

A
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Channeloc
works
harder,
longer.

Talk re-application and you're bound to talk Channeloc*
For test after test has proved its comparative superi-

ority in maintaining the needed reserve strength for

time after time reusage. Not that plenty more can't

be said about Channeloc holding power, its ability to

do the job without rail damage during application or
••• while in service.

and so do vuel

^ IRUE IEMPER.
(SsSf RAILWAY APPLIANCE DIVISION

Channeloc works harder, longer. And so do the

track maintenance experts of our Railway Divi-

sion field service team. More often than not
you'll see them present when Channclocs are

installed and they make repeated checks to

advise railroad personnel of any unusual con-

dition affecting the service life of the anchors.
Very practical reasons why more welded rail

is restrained by True Temper Channeloc rail

anchors than by any rail anchor on the market.
In addition to Channeloc, True Temper has a

new concrete rail tie clip— the Cliploc*— now
in successful service on several major railroads.

Find out more about how Cliploc will solve your
concrete tie installation problems!
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(ROOO
TRACK MAINTENANCE

MACHINES

TRACK MACHINES
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WOODINGS
CANADA
LIMITED

Canadian Sales Agents for:

WESTERN-CULLEN DIVISION—"BURRO"
JACKSON VIBRATORS, INC.
RAILWAY TRACKWORK COMPANY
THE OHIO LOCOMOTIVE CRANE COMPANY
WOODINGS ADVANCED TYPE RAIL ANCHORS
WOODING-VERONA TOOL WORKS
WOOLERY MACHINE COMPANY

5 PLACE VILLE MARIE
SUITE 815 • MONTREAL 113, QUE.

(514)878-1215
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EXPERIENCED SPECIALISTS
IN THE REPAIRS OF
RAILROAD STRUCTURES

HH^Hi HHH CORPORATION

uizilb
FOUNDATIONS, UNDERPINNING AND INVESTIGATIONS

AUGERCAST'" Piles (U. S. patent protected)

• For new foundations and underpinning
(placed without vibration)

• Cutoff walls — Low-headroom piles

• Tie Backs — Tension Pile and Anchors

PRESSURE GROUTING

• Arresting settlement of structures

• Cutoff curtains — Bearing treatment

• Consolidation of loose materials — Soil stabilization

• Mine shaft grouting

• BAGPIPEtm Grout Method (U. S. patent protected)

• Cement base grouting

• Chemical grouting ("FIRM-UP")^m

CONCRETE AND MASONRY STRUCTURAL REPAIRS

• Bridges, dams, powerplants. drydocks
• Complete modernization dams and power houses
• Scour repairs — Cofferdam seals

• Stone masonry & concrete repairs

• Industrial maintenance — Tunnel lining repairs

• Repairs to precast and driven concrete piles

• Encasement of wood and steel piles

PREPLACED AGGREGATE CONCRETE

• Cofferdam seals

• Encasement of scroll cases

• High density concrete for shielding

• Concrete and masonry structural repairs

• Underwater concrete — Diving inspections

9329 RIVERVIEW ROAD • CLEVELAND, OHIO 44141 . TELEPHONE 216/526-4391

ATLANTA* BALTIMORE • CHICAGO' DETROIT • FT. LAUDERDALE • HOUSTOrj . JACKSONVILLE -MINNEAPOLIS • MEMPHIS
OMAHA -SEATTLE

AFFILIATES: LEE TURZILLO CONTRACTING CO. • AUGERCAST PILE & FOUNDATION COMPANY
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WOODINGS-VERONATOOLWORKS
Ir Pioneer Manufacturers

oi

fflGH GRADE TRACK TOOLS
and

SPRING WASHERS FOR TRACK
Since 1873

VERONA, PA. CHICAGO, ILL.

w
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TELEWELD
INC.

M EM B E R

Rail Maintenance Service

Rail End Welding
Rail End Hardening Upt
CWR Joint Normalizing ;;i^.v/..T

^-^ msriTUT£ ^^^

Frog and Switch Welding

Rail Maintenance Equipment
Custom Manufacturing and Fabrication

Joint Bar Shims
Rail Anchor Shims
Rail End and Frog and Switch

Welding and Grinding Machines
CWR Heating and Cooling Equipment
Rail Flaw Testing Equipment
Telebrineller Portable Hardness Tester

SONIRAIL MT: Rail Flaw Detector

TELEWELD INC., 416 NORTH PARK ST., STREATOR, ILL. 61364

Write for details of the TELEWELD process for restoring rail ends.
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Committee 1—Roadway and Ballast

Remarks by Chairman M. B. Hansen

Assistant Engineer Location and Construction, Canadian National Railways

During the past year Committee 1 held two meetings. Its annual report is

published in the January-February Bulletin No. 631, pages 255 to 290, incl. Its

Manual Recommendations are published in the November-December Bulletin No.

630, pages 107 to 119, incl.

The objective of this committee is:

1. To develop specifications for and to report on scientific and engineering

knowledge of design, construction and maintenance of roadway and ballast.

2. To initiate research projects that contribute to the knowledge of the

materials used in roadway and ballast.

3. To revise and update tlie AREA Manual for Railway Engineering to reflect

current and sound railway engineering practices.

Under Assignment 1, the Roadbed Subcommittee is completely revising Part 1

of the Manual. The first stage, on Exploration, Testing and Design, is published in

Bulletin 631. The committee feels that this is complete, but the revision has been

so drastic that it was published as information first in order to get some reaction

from the membership at large. The committee solicits your comments and sugges-

tions. Much credit is due to F. L. Peckover and his subcommittee for the monu-

mental task that they have undertaken. The second stage, on Construction and

Maintenance, is now being prepared by this subcommittee.

Under Assignment 2, the Ballast Subcommittee is continuing its efforts to test

the comparative qualities of ballast materials. It is also endeavoring to set up a

working arrangement with the Department of Transportation for testing ballast

materials.

Under Assignment 4, the Drainage and Culvert Subcommittee has submitted

height of cover tables for pipe and pipe-arch culverts for inclusion in the Manual.

This subcommittee is presently preparing design procedures and specifications for

tunnel liner plate culverts.

Under Assignment 5, the Pipelines Subcommittee completely revamped Part 5

to make it conform to the new decimal system, and submitted this for inclusion

in the Manual. I draw your attention to the correction appearing on page 253 of

Bulletin 631. The nominal thickness of pipe under 14 inches in diameter has been

corrected to read 0.188. The committee is presently working on the development

of specifications for various types of wire undercrossings.

Under Assignment 8, the Tunnel Subcommittee is developing inforuiation on

\arious methods to increase tunnel clearance.

On these and all the other assignments your connnittee is continuing to update

the Manual and to revise the format to conform with the decimal system.

It is with regret that I announce the sudden death on February 11 of Les Deno,

a long-time member of Committee 1. A Memoir in his honor follows.
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1915=1971

Leslie Joseph Deno, maintenance engineer, Chicago & North Western Railway,

died suddenly on February 11, 1971, at the age of 55. Survivors include his widow,

Jeanne, and one son, Stephen.

He attended public schools at Green Bay, Wis., continuing his education at

the University of Wisconsin, from which he graduated in 1937 witli a Bachelor of

Science degree in Civil Engineering. Prior to graduation, Mr. Deno had worked in

the Bridge and Building Department of the North Western and upon graduation,

joined the Engineering staff as a rodman.

He enlisted in the United States Army in 1941, served in the Asiatic-Pacific

Theatre, participated in the occupation of Japan, then served as an instructor at the

Field Artillery School, Fort Sill, Okla. He concluded his military service in 1946

with the rank of major.

Upon his return from military service, Mr. Deno continued his engineering

career with the North Western, being in the Bridge Department until 1948, after-

wards serving as office engineer, Chicago, 1948-1950; division engineer, Escanaba,

Mich., 1950-1953; division engineer, Sioux City, Iowa, 1953-1956; division engineer,

Creen Bay, 1956-1960; staff engineer of maintenance 1960-1964; and maintenance

engineer 1964 until his death.

Mr. Deno joined the American Railway Engineering Association in 1947 and

was a member of Committee 29 from 1948 to 1954, being \'ice chairman the last

two years. He became a member of Committee 1 in 1954 and was vice chairman

1961-1964, and chairman 1964-1967. He continued membership in this committee

until his untimely passing.

A tremendous void now exists witli this man's passing and only a fond memory
remains. He was truly a dedicated, loyal and resourceful engineer and a most devoted

family man, all of which made him a man to be loved and respected by all those

who knew him.
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Committee 3—Ties and Wood Preservation

Remarks by Chairman W. F. Arksey

Engineer Environmental Control, Burlington Northern, Inc.

Committee 3 is charged with the advancement of the design of ties and the

preservative treatment of wood products primarily used in ties and timber struc-

tures. It reports on the latest developments in wood preservation and presents

standard specifications for preservatives and their use.

During the past year your committee has been working on revision of the

Manual, combining Chapters 3 and 17 into one chapter. Committees 3 and 17 were

combined into one committee, No. 3, in 1962, but the Manual has never been com-

pletely revised. Therefore, we will now bring it in line with committee designation

and at the same time publish it with the new format being used by AREA. The
work is progressing well and should be ready for publication this Fall.

The Annual Tie Renewal Statistics were reported in Bulletin 628, June-July

1970, and regular report of committee is in Bulletin 631, January-February 1971.

The committee conducted a successful field trip this year in cooperation with

the Research and Development Committee of the Railway Tie Association. An
inspection was made of a test section of track on the Chicago & North Western near

Des Plaines, 111. The test is a joint effort of RTA and the AAR Research Department

and consists of eight different combinations of ties sizes and spacings. The follow-

ing day the committee visited the Forest Products Laboratory at Madison, Wis., and

were given an interesting tour of the facilities.

The joint inspection trip of these two organizations worked out well this year,

as there are about 15 of our members on the RTA committee. Otlier joint meetings

are planned in the future.

Committee 4—Rail

Remarks by Chairman T. B. Hutcheson

Assistant Vice President, Engineering and Maintenance of Way,

Seaboard Coast Line Railroad

The report of Committee 4—Rail, is contained in Bulletin 631, beginning at

page 305.

In 1970 the committee approved as an AREA-recommended section the 119-lb

CF&I rail section. The new section is shown in the current Manual recommenda-

tions in Bulletin 630 at page 160, and is included in the 1971 Manual Supplement.

Subcommittee B is continuing its study to update and re\^•rite Chapter 4 of tlie

Manual. This work was begun in 1968, and since tliat date, the committee has com-

pleted revision of Part 2—Specifications. This subcommittee, in cooperation witli

representatives of Committee 31 and of the steel industry members of the Joint

Contact Committee, AREA-AISI, has developed plans for inspection of welding

processes at selected rail welding plants so that on-site study can be gi\'en to the

problems of end straightness and end conditions of rail for welding. The subcom-

mittee hopes to determine if it is desirable or practical to rexisc the present spec-

ifications for straightness and end condition.

Bui. 6^3
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During 1970 Committee 4 visited the rail mill of Bethlehem Steel Corporation

at Steelton, Pa., in continuation of its adopted program to visit such facilities of the

major rail producers. These visits have proven quite beneficial both to the committee

in handling its assignments, and to the steel industry members of tlie Joint Contact

Committee AREA-AISI in the understanding of problems shared in common. In

1971 it is planned to visit the rail mill of The Algoma Steel Corporation in connec-

tion with the regular spring meeting of Committee 4.

The 1970 committee report contains two interesting reports on rail tests pre-

pared by the Research Center, Association of American Railroads, one dealing with

the investigation of rails rolled by the Australian Iron and Steel Company, and the

other dealing with the investigation of 140-lb rail rolled by the United States Steel

Corporation from vacuum-degassed steel.

During 1970 Subcommittee 3, whose assignment is Rail Failure Statistics, has

been in discussion with the Research Center, which has in the past compiled these

statistics from reports submitted on a voluntary basis by railroads, as to the data

base from which these statistics are drawn. The subcommittee is in the process of

making a study of the manner in which the data is obtained and into the commit-

ment of the railroads to furnish the required data base in an accurate and meaning-

ful form. This study will be continued in 197L

Further infonnation was requested of railroads in late 1970 on the subject of

obtaining rails longer than 39 ft with the view to developing tlie optimum length

of rails acceptable to both railroads and the steel industry. Hopefully, a report on

this subject can be prepared for the 1971 report

A progress report on die assignment of Subcommittee 4—Rail End Batter,

Causes and Remedies, tells of the experience of one railroad in repair of rail ends

by tlie use of tlie semi-automatic wire feed weld.

Subcommittees 5, 6, 7, 8, and 10 have no report for tlie current year.

Subcommittee 9—Standardization of Rail Sections, published with the commit-

tee report a tabulation of rail rolled and shipped in 1969. This report indicates tliat

77.45% of total rail shipped directly to North American roads was in the AREA-
recommended sections.

Committee 4 records, in an appropriate Memoir, its deep sense of loss in the

death on August 1, 1970, of David Todd Faries, formerly chief engineer of the

Bessemer & Lake Erie Railroad.

This concludes the review of work of the committee during tlie past Associa-

tion year.

Committee 6—Buildings

Remarks by Chairman D. A. Bessey

Assistant Architect, Chicago, Milwaukee, St. Paul & Pacific Railroad

One of the most current problems facing Committee 6 involves some good news

and some bad news about our vice chairman, C. R. Madeley. The bad news (as far

as we are concerned) is that, after 23 years with the Southern Pacific Transportation

Company, Mr. Madeley resigned and became civil department manager of a consult-

ing engineering firm. After 4 months, Mr. Nhideley resigned diat position and is now
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chief engineer of a building systems company. Under Association rules, Mr. Madeley
can no longer serve as \'ice chainnan. The good news is that Mr. Madeley will remain

on Committee 6 as an Associate Member.

Your Committee 6 is well into its tliird year of carrying out major revisions to

Chapter 6 of the Manual. The completion of the new, concise specification section

2 years ago and the design criteria material that was submitted last fall has already

greatly changed the character of Chapter 6.

Much of the activity of your committee is, and will continue to be, directly

related to the Manual. First of all, the design sections of the Manual are being

updated to reflect current innovations in the building industry as well as to be

responsive to new techniques involved in tlie railroad industry. Second, Subcommittee

B has the standing assignment to review information reports prepared by Committee

6 over the past few years to determine which material should be incorporated in the

Manual as design criteria. And third, the majority of our existing and new assign-

ments will in part or totally become Manual material in the design section. The
material generated within these assignments will place great emphasis on the problems

of design and construction of buildings and facilities which are unique to the railroad

industry.

I would now like to briefly review the status of committee assignments.

Subcommittee A—Recommendation for Stuchj and Research

Four new subjects were suggested last fall, and all four were approved by the

Board of Direction. Subcommittee chairmen and members have been assigned, and

work will progress on these subjects as soon as the existing assignments are com-

pleted. More about these new subjects in a moment.

Subcommittee B—Revision of the Manual: W. C. Stumi, Chairman

The subject "Design Criteria for Railway Office Buildings" was published in

Bulletin 630 and received committee approval for inclusion in the Manual. The

subcommittee is currently pursuing the subject "Passenger Station Design" starting

with a report that was submitted for information a few years ago. With pending

changes to the railroad passenger systems, this could become a very timely subject.

Mr. Stunn has directed the Manual revision for the past three years; and, needless

to say, has done a commendable job.

Subcommittee 1—Piggyback Terminals: G. J. Chamraz, Chairman

Previous activity pursuant to this subject has produced \arious reports for

infonnation only.

The material presently being prepared by this subcommittee will be specifics

pertaining to the design and construction of TOFC/COFC facilities. This will

include such specifics as ramp design, crane runway design, development of areas

for side-loading systems, and all other details in connection with the design and

construction of such facilities. This subject was pursued in a committee workshop

at our January meeting.

Subcommittee 2—Computer Uses for Raihoaij Building Design: J. A. Penner,

Chainnan

It is intended that this assignment will remain active for a considerable period

of time. However, the subcommittee will not prepare a fonnal report on this subject.

The function of the subcommittee will be to present reports from time to time of

actual applications where computers were used for some aspect of building design.
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Mr. Penner advises that they on the Penn Central have been successful in using the

computer for writing specifications. A report of this application will be submitted

soon.

Suhcommittee 3—Diesel Shop Design Criteria: A. R. Gualtieri, Chairman

Preparation of the report is imderway, and it is intended to pursue this assign-

ment in a workshop at our June met>ting. The report in its final form will be pre-

pared on the decimal format with the intention that it will be included in the Man-
ual. This report will include recent innovations in diesel house design as well as

portions of the existing diesel house design section presently in the Manual.

Subcommittee 4—Spot Car Repair Design Criteria: T. H. Seep, Chairman

A preliminary draft was prepared by the subcommittee, and a considerable

amount of time was taken up in a workshop at the January meeting. The finished

report, which is also intended for inclusion in the Manual, will be more than just

a general report on this type of facility. It, too, will deal in specifics such as build-

ing design, structural systems, space requirements, clearances, special utilities, and

the various types of jacks, hoists, and car moving equipment.

The four new subcommittees and chaimien are as follows:

Suhcommittee 5—In-Floor Conveyor Systems: R. C. Rankin, Chairman

It is intended that this material will be submitted for information only.

Subcommittee 6—Computer Room Design: R. J. Martens, Chainnan

It is our intention that this report would either become a part of the office

building design section of the Manual or be submitted as a separate section.

Subcommittee 7—Pneumatic Tube: H. R. Helker, Chairman

It is intended that this report will be submitted for information only.

Subcommittee 8—FortabJe Prefabricated Buildings: P. W. Peterson, Chairman

It is our intention tliat this report will be prepared for Manual submission.

Prior to presenting the special feature, I would like to make a few requests.

I would once again like to direct a question to you, the people that make up the

railroad industry and the members of the Association. We would like to have you

keep us advised as to what subjects pertaining to buildings and related facilities

are of the greatest interest to you and are important to your area of responsibility.

If you have such subjects in mind, please advise the Executive Manager or convey

your suggestions directly to any member of Committee 6. We sincerely solicit your

assistance, suggestions, and comments.

My second comment or request is pertaining to committee membership and

committee participation. Here again, I would like to turn to the members of tiie

Association to carry our message back to your railroad. We are looking for increased

membership on Committee 6, and increased participation in tlie activities of the

committee by its members.

It is our feeling diat our committee and all committees of AREA are today

responsive to tlie needs of our industry. We are more than a group of subcommittee

chainnen writing informative, but rarely read, reports. The format has changed, and

the end result of committee action is not only informative but useful—useful to us

and useful to the entire industry. Our end product is service through information.

Without full participation of committee members, that service is less tlian maximum.
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Committee 8—Concrete Structures and Foundations

Remarks by Chairman F. A. Kempe

Regional Engineer, Burlington Northern, Inc.

Your committee is actively progressing revisions to the Manual and conducting

an investigation into tlie use of concrete ties on open-deck steel bridges.

Since the published committee report in Bulletin 631, full-size concrete bridge

ties have been tested in tlie AAR Lab. They met tlie design strength and showed

exceptional resistance to failure. We are now seeking a span in tiie Chicago area

on which ties can be placed for field tests, especially to establish the distribution

of wheel load between adjacent ties. Your help is requested. The physical require-

ments for a span may be obtained from Jack Williams of the Rock Island.

In the past we have held three committee meetings annually to progress spec-

ification preparation and review. Due to the recent request of die Board of Direc-

tion, only two meetings will be held in 1971. At our next meeting we expect to

finalize specifications for lightweight aggregate and for concrete lining of tunnels.

We also expect to receive the initial draft of specifications for drilled-in caissons.

The committee is also studying the recommendation of AREA Committee 30

that design loading for concrete structures be increased from the current E 72 to

E 80. This matter, too, will be considered at our next meeting in order to allow us

to reply to Committee 30.

Last year the Special Feature presented by Committee 8 was titled "Prestressed

Concrete Railroad Bridges—A Progress Report." It was brought out that use of

concrete spans is rapidly increasing in both number of spans and span lengtli. This

year we will present a special feature on the repair of concrete structures widi epoxy

compounds. As railroad engineers, we are aware of the need to both construct and

maintain economically.

Committee 9—Highways

Remarks by Chairman R. E. Skinner

Assistant to Chief Engineer, Illinois Central Railroad

The annual report of Committee 9—Highways, is published in Bulletin 630,

pages 169 through 182.

I am unhappy to report that Harold Walbright, one of our more active members

and a subcommittee chairaian, passed away on May 19, 1970, at the age of 48.

Harold's last position was as division engineer on the Norfolk & Western Railway at

Portsmoutii, Ohio. A Memorial is printed on page 171 of Bulletin 630.

A review of Committee 9's ten assignments will give you some idea of the broad

scope of our studies, ranging from the stabilization of grade crossing roadbeds to the

use of railroad air-rights for highways. Most of our work involves the accumulation

of information from all possible sources for our various assignments.

Another important function of our committee is keeping in toucli with tlie

activities of other committees, organizations and agencies (mostly non-railroad)

involved in the highway-railway field. Some of tliese activities are reflected in our

reports on such assignments as No. 3—Merits of Various Types of Highway-Railway

Grade Crossing Protection, No. 4—Merits and Econonucs of Marking and Signing
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Grade Crossings, and No. 7—Conduct Study with the View Toward Developing

Alternate Types of Automatic Crossing Protection. We feel we must keep infonned

on these activities not only for our reports but for the benefit of our committee mem-
bers who are involved in these problems in their day-to-day work.

This concludes my term as chairman. The new vice chairman is C. A. Christensen,

assistant director-public works planning, Burlington Northern, Inc., St. Paul, Minn.

The new chairman is K. E. Wyckofi^, director-public works planning, Burlington

Nortliern, Inc., St. Paul. Under Ken, the work of Committee 9 will be in very capable

hands. Not only is he one of our most active and loyal members, he pos.sesses con-

siderable knowledge of all the aspects of our work and serves on other related com-
mittees, such as the AAR General Committee on Highway-Railway Facilities.

Committee 11—Engineering Records and Property

Accounting

Remarks by Chairman J. Bert Byars

Assistant to Chief Engineer, Denver & Rio Grande Western Railroad

The members of Committee 11 welcome the opportunity to present a report of

their work during the year of 1970.

The name of Committee 11 has been changed to "Engineering Records and

Property Accounting," which we feel covers tlie many phases of our \\'ork better than

the old title of "Engineering and Valuation Records."

During 1970, Committee 11 had seven major assignments under study. The
printed reports of five subcommittees appear in Part 2 of Bulletin 630, November-
December 1970, on pages 239 through 247.

Our committee members have endeavored to continue being of service to the

railroad industry during the past year by developing information that will facilitate

management in the most economical method of handling engineering records and

property accounting. A progress report on "Responsibility Code Reporting" is pre-

sented in our report, and further reporting will be made in the future. This mediod

of reporting allows the engineering and maintenance of way officers better control

of their expenditures. It is a well known fact that adjustments for taxation, deprecia-

tion, personal injuries, etc., have distorted many a montlily budget, but an improper

report from a section foreman has often created the same commotion.

Our special committee is continuing its work with the Interstate Commerce Com-
mission on revision of Valuation Orders.

We would again like to solicit any suggestions from AREA members for topics

to study that would prove beneficial to the Association.

At the adjournment of this Convention my term as chairman of Committee 11

will be concluded. I wish to thank the officers of the AREA for the fine cooperation

I have had, and want to express my appreciation to all the members of Committee 11

for their support. Anything we have accomplished during my tenure is due to their

diligence, fine cooperation and interest in being of service to the railroad industry.

I have never worked with a finer group of meu
The new chairman of Committee 11 will be tlie present vice chairman, C. R.

Dolan, engineer of capital expenditures, Missouri Pacific Railroad. The new vice

chairman will be R. D. Igou, manager capital expenditures, Chicago, Rock Island &
Pacific Railroad.
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Committee 13—Environmental Engineering

Remarks by Chairman C. F. Muelder

Utilities Engineer, Chicago Region, Burlington Northern, Inc.

Your committee is gaining momentum in its work on ecological problems.

We have 46 members, and tliis past year have accepted seven new members. We
have had one-day meetings with one exception. One two-day meeting was held so

that a field inspection trip could be made to a new railroad waste water treatment

plant facility.

We had six pemianent assignments last year, and tliis year an additional assign-

ment on Noise Pollution has been given to us.

Subcommittee 1 on Water pollution control is chaired by J. L. Goss; Subcommit-

tee 2 on Air Pollution, A. F. Butcosk; Subcommittee 3 on Land Pollution, P. P. Duna-

vant; Subcommittee 4 on Industrial Hygiene, R. S. Biyan Jr.; Subcommittee 5 on Plant

Utilities, T. L. Hendrix; Subcommittee 6 on Corrosion Control, H. W. Azer. Our

new Subcommittee on Noise Pollution will be chaired by R. R. Holmes. C. E.

DeGeer is vice chairman of our committee and J. J. Dwyer is secretary.

You will note from Bulletin 630 that last year Subcommittee 1 presented a

complete report on the design of water pollution control facilities. Subcommittee 2

presented a complete report on incinerators for air pollution control. Subcommittees

3, 4, and 6 have given us progress reports on tlieir assignments.

This coming year our Subcommittees on Water, Air, and Noise Pollution Control

have assignments of study relating to new aspects of their fields. Subcommittees

on Land Pollution, Industrial Hygiene, Plant Utilities, and Corrosion Control will

complete their assignments. In addition, the completed reports as published in the

Bulletin will be acted upon for inclusion in the Manual.

Your committee solicits suggestions and questions relating to our assignments.

I suggest these be presented to me in a letter for handling. I would especially be

interested in any particular subject within the scope of our assignments which is

felt our committee should investigate.

Committee 14—Yards and Terminals

Remarks by Chairman C. E. Stoecker

Engineer Planning and Design, Louisville & Nashville Railroad

Committee 14 is working on the revision of Chapter 14 of the Manual which

will include changing to the decimal system format.

In Bulletin 630 the committee published reports of infonnation on "Methods
of Prevention of Roll-Out At Lower End of Classification Yard," and "ACI Applica-

tion in Yards and Terminals and Weighing Systems." It also published a report on

"Layout and Characteristics of Loading Facilities for Automobiles and Trucks." The
information on automobiles is being prepared to replace Section K, page 14-3-18,

of the Manual.

For the year 1971 Committee 14 will report on the following:

Snow removal appurtenances in yards and terminals.

Development of belt scale specifications.
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Lengths of freight cars as basis for track capacity.

Urban mass transportation.

Temiinal facihtias for container handhng.

Committee 14 will hold its June meeting near Newark, N. J. At that time

we plan to visit a container handling facility.

In June of 1970 Committee 14 visited the Argentine Yard of the Santa Fe
Railway at Kansas City.

This is my last official act as chairman of Committee 14. I wish to take this

opportunity to thank all members of Committee 14 for their fine spirit of cooperation

and assistance during my tenure. Gentlemen, it has been a most pleasant experience.

May I now present C. H. Chabot, senior engineer-contracts, C&O Ry.-B&O RR.,

the new chainnan for Committee 14, and R. F. Beck, chief engineer, EJ&E Ry., the

new vice chairman.

Committee 15—Steel Structures

Remarks by Chairman M. L. Koehler

Engineer Structures, Penn Central Transportation Company

The annual report of Committee 15—Steel Structures, is published in Bulletin

631, pages 429 and 430. The Manual recommendations of Committee 15 as published

in Bulletin 630, pages 153 through 157, cover revisions to Part 1 and the addition

of new Parts 9.3 and 9.5 of the Bibliography and Technical Explanations of Various

Requirements in AREA Specifications Relating to Steel Structures.

During the past year, a task group of six members of the Subcommittee on

Welded Railway Bridges was established to maintain active cooperation between

the American Welding Society—Structural Welding Committee, and AREA Steel

Structures Committee, with the aim to promote uniformity of specifications.

The plans of Committee 15 for the coming year include a complete revision

of Part 6 covering the design, fabrication and erection of movable railway bridges.

A commentary will be prepared for Part 6 as it is revised.

The scope of Committee 15 is to formulate specific and detailed rules for the

design, fabrication and erection of steel railway bridges and turntables and to rec-

ommend procedures for tlie maintenance, inspection, and rating of existing metal

railway bridges.

Committee 15 solicits your comments or suggestions for future assignments,

and the committee would appreciate that they be furnished, in writing, after tlie

convention, addressed to the committee chairman.

Committee 20—Contract Forms

Remarks by Chairman E. A. Graham

Chief Engineer, Colorado & Southern Railway

The scope of Committee 20 is to draft forms of agreements involving railroads

with railroads or railroads with outside parties. These forms are presented as guides

for the use of railroad companies in drawing up their own fonns of agreements.
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During the past year Committee 20 has been engaged in progressing for adoption

four new agreement fonns as outHned in Bulletin 630, page 167. These should be

completed for publication with our 1971 report. In addition we will continue to review

all fonns of agreements presently in the Manual for any revisions that may be

necessary.

Two meetings of the joint AREA-ARWA liaison committee were held during

the past year and these meetings will continue with a goal to develop recommenda-

tions for better handling of matters between the railway industry and utility com-

panies. The meetings to date have brought about a better understanding of each

other's problems.

Committee 20 will welcome suggestions from railroad officers on future assign-

ments. These suggestions may be made in writing, addressed to me.

Committee 22—Economics of Railway Construction

and Maintenance

Remarks by Chairman R. W. Pember

Assistant Chief Engineer, Maintenance of Way, Louisville & Nashville Railroad

The Report of Committee 22—Economics of Railway Construction and Mainte-

nance, appears in Bulletin 630, Proceedings Vol. 72, November-December 1970,

pages 183 to 201, incl.

Final reports were presented by Subcommittees 2 and 3. The report of Subcom-
mittee 2 deals with economics of various types of highway-railway grade crossing

installations, including full-depth timbers, planking, shallow blacktop, full-depth black-

top (3 to 6 inches below tie to top of rail), shallow concrete, full-depth concrete,

cast steel and rubber. That of Subcommittee 3 is on economics of headquarters main-

tenance of way gangs versus floating gangs in view of recent arbitration awards.

Assignment 5—Potential labor economies to be derived through the use of

advanced types of track inspection cars in formulating maintenance programs, is being

discontinued for the time being.

The report on Assignment 1—Analysis of operations of railways that have sub-

stantially reduced the cost of construction and maintenance of way work, is a progress

report describing a field inspection made by the committee on June 23, 1970, of the

Burlington Northern, Inc.'s line change in Montana between Stryker and Jennings.

Committee 24—Engineering Education

Remarks by Chairman V. J. Roggeveen

Associate Professor of Transportation Planning, Stanford University

This has been an especially important year for your committe(\ I will report

to yovi briefly about the comnuttee's past, about where it is today, and about the

plans and ideas for the future.

Where We have Been

Conunittee 24 has been, until this year, the Comnuttee on Cooperative Rela-

ti(ms with Universities. According to old issues of the AREA Proceedings, the com-

mittee was formed in 1923. It held its first meeting, for two days, at the University
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of Michigan, under the chairmanship of R. N. Ford, of the Chicago, Rock Island &
Pacific. Its initial report to the Annual Convention of AREA was in March 1924.

The scope of its assignment, as defined by the Board of Direction and reported

in the 1924 and 1925 Proceedings, was:

"A general interest upon the part of railroad officers in assisting tire

university to develop the best possible methods for the technical courses;

a better means of bringing to the university the result of our deliberations

where such can be made of value to them; a better means of bringing to the

attention of the railroads the benefits of a technical education, tliereby

acquainting them with the qualifications of graduates of these courses for

initial service in subordinate positions, and at the same time providing mate-

rial from which men may be drawn for higher positions as they demonstrate

their fitness; a means of stimulating greater interest in the science of trans-

portation among engineering students, which may be inclined toward this

branch of industry; a means whereby the facilities of the university may be

made more directly available for the research work of the Association, by
cooperative effort between the laboratories and the committees of tlie Asso-

ciation; a means whereby the university may be better enabled to educate

the students and the public regarding the value of transportation to the

Nation as a whole; a means of stimulating a greater interest among univer-

sity officials in the study of transportation and economics and impressing

upon them the importance of experienced men for such teaching."

An interesting report in the 1925 Proceedings was that on one large eastern

railroad, with 38,000 employees, about VA percent had college training. E. T. How-
son, of Railway Age, chairman of the Subcommittee on the Questionnaire, reported

further:

"It is common knowledge that many colleges are openly discouraging

men from entering railway service today. It is equally generally known that

many industries are making aggressive campaigns to bring collegemen into

their employ, sending men to universities to look over the graduates, and to

interview and to select specific men."

The committee was active for a few years, but the Depression brought retrench-

ment to many activities, both of the railways and of AREA. In 1930 the committee

submitted an annual report and reported to the March convention. The 1931, 1932,

and 1933 Proceedings only list the committee as having 29 members, with no added

information. It is omitted entirely in the 1934 issue.

The winter of 1940 brought a renewal of activity. The committee was re-created,

with 17 members, under the chairmanship of Mr. Howson, who had continued to

be a member since starting with the original 1923 group. The 1941 Proceedings

included a statement of scope and purpose and listed seven assignments; these were

generally similar to the original 1924 scope.

Committee 24 has been continuous since 1940. The number of members rose

to 26 in 1949, took a sudden jump to 46 in 1950, rose somewhat higher in the early

I960's, and is 46 now, in 1971.

Several of our current members have been on the committee for over 20 years:

W. S. Autrey (1949), J. B. Babcock (emeritus) (1941), R. P. Davis (emeritus)
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(1942), W. H. Huffman (1949), A. V. Johnston (1949), B. B. Lewis (emeritus)

(1949), W. A. Ohver (1949), and R. B. Rice (1949).

Chairmen since the 1941 revival have been E. T. Howson, R. E. Dougherty,

F. R. Layng, S. R. Hursh, C. C. Crove, R. J. Stone, W. H. Huffman, W. W. Hay,

J. F. Davison, R. H. Beeder, and myself. Mr. Stone and hi,s predecessors are no

longer with us; Mr. Huffman and his successors are all still active committee

members.

Numerous assignments have been assiduously worked on in the past three

decades, and the results of some of them are well known to you. I joined the com-

mittee in 1958, and have been personally aware since that time of such examples as:

the annual effort to inform engineering students about summer employment oppor-

tunities, the recruiting brochure (three editions: 1955, 1959, and 1964), the student

recruiting guide for use by railway officials, the loan collection of slides about rail-

way engineering, the pictorial exhibit about railway engineering, the analysis of the

need for engineering technicians in the railway field, the development of tlie student

affiliate program, the list of suggested student thesis topics, assistance to universities

about arranging for speakers and field trips, and so forth.

Presentations at annual conventions, and reports in the Bulletins and Proceed-

ings ever since the 1920's, have brought to the attention of railway engineers tlie

changing curricula, perspectives, conditions, and similar factors at college and uni-

versities, and informed them about current engineering students.

In the latter 1960's many of tlie assignments lost their appeal. Some had been

essentially completed. Others dragged on, in some cases for over 40 years, with

slow progress, but without a feeling of significant accomplishment. Still others seemed

outdated in these rapidly changing times. Several were no longer of any use at all.

Almost all assignments were phrased in long complex language out of an earlier era.

The subcommittee chairmen had given devoted service and most of them needed

a respite.

In the meantime, new ideas and challenges were not receiving conmiittee atten-

tion. Even the name no longer seemed to fit. Railroads do not and probably cannot

cooperate with universities; as a practical matter liaison is with individual professors

who have an especial interest in railways. In recent years the interests of college

professors have all too often not included railways, and this has been reflected in

the falling-off of professorial memberships. As for railway engineering officials, atten-

tion in some companies has been diverted to more pressing matters than relations

with universities or their faculty.

In this setting your comnu'ttee decided upon an entirely fresh start.

Where We Are Now

A new conunittee name, new scope, and new assignments ha\e been developed

during the 18 months just passed; and all except the scope (which awaits coor-

dination witli the statements of other committees) have been approved by the

Board of Direction and are now in effect.

The committee is now called "Engineering Education."

The statement of scope as proposed to the Board is:

1. This committee serves as a link between tlie railway engineering j^rofession

and engineering education.
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2. Engineering educators arc provided with opportunities to become famiHar

with the practices and advancements in railway engineering and to secure

concepts that can be incorporated into academic activities.

3. Railway engineers are informed about developments in engineering educa-

tion and given an opportunity to bring their ideas to the attention of edu-

cators interested in railway engineering and research.

4. The work is organized into general assignments dealing with the education

of engineering students, recruiting of them by railway managements, and

the continuing education of engineers during their railway careers.

5. The committee will bring to the attention of tlie Association, railway man-

agements, and die educational community new knowledge to advance

cooperative programs for progress.

The new assignments are:

A. Recommendations for further study and research.

1. Recruiting.

2. Summer employment.

3. Student internships.

4. Student affiliates.

5. Continuing education.

6. Speakers.

7. Project case studies.

8. Exchange of professional staffs.

9. Research resource availability.

Members have volunteered to serve as chairmen of all the subcommittees

working on these assignments; all but two are new to subcommittee chairmanships.

They are listed in the AREA Handbook of Committee Activity for 1971.

The other members have all been assigned to tlie subcommittees.

Further details, including brief explanations of the assignments, were reported

in the January-February 1971 AREA Bulletin, and do not need to be repeated here.

The Future

The April meeting of the committee brings a start on the new assignments.

Ideas will be developed, and actual work will get underway. This year will be my
last as chairman, and I hope we can generate enough starting momentum that the

next chairman will be able to report substantial progress to you.

Committee 24 is currently below its full quota of members, and is somewhat
unbalanced. We have an excellent and highly interested group from the railroads,

with room for a few more. The professorial membership has fallen off substantially.

Those who are members are almost all very active, but additional enthusiastic ones

are needed. It is to be hoped that the "new look" of the committee, combined with

some new enthusiasm in universities for the study of transportation and for attention

to professional practice rather than only to research, will aid in recruiting them.

We welcome ideas or comments from everyone; this has never been more true

than now. In 1971, we are starting what amounts to a third generation of the com-
mittee, following the 1923-30 and 1940-70 eras. We hope oiu- reborn activities

will be as useful to AREA, to the railroads, and to the colleges and imiversities, as

.some of the earlier ones were.
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Committee 25—Waterways and Harbors

Remarks by Chairman J. C. Fenno

Assistant Division Engineer, Chicago, Milwaukee, St. Paul & Pacific Railroad

The report of Committee 25 is pubUshed in Bulletin No. 631, January-February

1971, beginning on page 441. A progress report is submitted as information on

assignment 2—Current Policies, Practices and Developments Dealing with Flood

Control, Water Conservation, Waterways and Water Navigation Projects. The report,

prepared by L. H. McCurry, offers considerable information on the National Water

Commission, established by Public Law 90-515 on September 26, 1968, and dis-

cusses the stand of the AAR concerning management of water and land resources

as related to subsidies to inland navigation and the evaluation of navigation benefits.

I am pleased to advise the membership of the election of Dr. Shu T'ien Li

to the status of Member Emeritus on Committee 25. Dr. Li, retired Professor of

Civil Engineering at South Dakota School of Mines & Technology, Rapid City, South

Dakota, has faitlifully served the AREA and Committee 25 for many years, and

it is hoped that he will continue to lend his experience and knowledge for many
years to come.

My term of office as chairman of this committee will terminate at the end of

this annual convention. It would now be appropriate, I think, for me to extend

my thanks to Earl Hodgkins and his staff at AREA headquarters for their many
courtesies and always-available assistance to me during the past tliree years. I also

wish to thank those subcommittee chairmen and members of the committee whose

diligent efforts and hard work made the past three years pass so swiftly. 1 am sure

that the same cooperation, courtesy and devotion to the work at hand will extend

through the in-coming chairman's term of office.

The new chairman of Committee 25 is L. H. McCurry, assistant engineer of

the Santa Fe, Amarillo, Tex. The new vice chairman is A. C. Parker, assistant cliief

engineer staff, Seaboard Coast Line Railroad.

R. V. Gilbert, engineer public works, Burlington Northern Inc., continues as

secretary.

Committee 28—Clearances

Remarks by Chairman M. E. Vosseller

Senior Draftsman, Central Railroad of New Jersey

During the preceding year Committee 28—Clearances closed out its Assignments

4 and 6. Subcommittee 4's report was published in December 1968 and sets fortli

restrictions and phrasing of instructions for handling excessive weight and/or dimen-

sion shipments. Subcommittee 6's report was accepted as Manual material during

1970. It is entitled "Instructions Regarding Infonnation To Be Reported For An

Excess Dimension Load Or Miscellaneous Railroad Equipment ln\ol\ ing Clearances,

Weight and High Center Of Gravity". At this tiuie I want to thank the members of

Subconnnittees 4 and 6 and their respective chairmen, il. P. Huhleiu and his suc-

cessor, M. E. Dust, both of the L&N; and J. E. Beran of the Burlington Northern,

for their efforts in seeing these two assignments through to completion.
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Several of our subcoinniittees have arrived at a point where the cooperation and

assistance of certain AAR organizations w ill he solicited.

One of our newest assignments, "Inxestigate the practicability of using disposable

coded placards for identifying shipments of excessive dimension and/or weight that

could be used in conjunction with the Automatic Car Identification System," has

been submitted to the Mechanical Division of the AAR and all of Committee 28 for

review and comments or suggestions. Subcommittee 1 is now ready to have a field

test made of a prototype placard for evaluation by all concerned. However, this test

nnist be made under the auspices of the AAR Mechanical Division's Connnittee on

ACI, and attempts are being made to seek their cooperation in arranging for the test.

Subcommittee 3 which is endeavoring to develop new methods and devices to

measure clearance obstructions and shipments for computer data and Subcommittee 7

which is investigating the feasibility of contracting for equipment and ser\'ices that

could be made available to those railroads desiring clearance surveys, are considering

going outside of the AREA to seek the cooperation and assistance of other qualified

organizations.

Committee 28 will continue its efforts to complete our current assignments and

to develop new recommendations for further study and research. Several subjects have

been brought to our attention, including the problem encountered with tlie move-

ment of cars exceeding the AAR Mechanical Division Plate C Equipment Diagram

For Limited Interchange Service.

I welcome any comments or questions tliat you might have concerning this report

or the work of our committee. Anyone having any suggestions for future assignments

relative to Committee 28's area of responsibility should direct them to Earl Hodgkins,

executive manager of the AREA, or to myself.

Committee 30—Impact and Bridge Stresses

Remarks by Chairman P. L. Montgomery

Manager Engineering Systems, Norfolk & Western Railway

This report is my last as chairman of Committee 30. The benefits that have

been gained by the railroads during the past three years are disappointing, yet we can

point with pride to some accomplishments.

Our committee is progressing its study leading toward tlie establishment of a

consistent design loading for all structures supporting railway loading. A preliminary

draft of specifications covering railway structures is now being circulated for com-

ments. It is the committee's hope that each affected AREA committee can accept the

final draft and tliat the inconsistencies which now exist in tlie Manual will soon be

eliminated.

Activity by the Subcommittee on Electronic Computers remains high. During

the past year, a new publication containing moment and shear tables for locomotives,

heavy-duty cars and regular rolling stock was issued. A new program for the analysis

and rating of railway bridge floor systems was also prepared tliis year. This program

is the sixth program written by Dr. E. N. Wilson for our committee. I believe rail-

way bridge engineers will agree that work of this subcommittee is most useful in the

design and analysis of bridges.
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Work in the areas of concrete, steel and timber has been practically non-existent

and the prospects for this coming year are not good. Unless money becomes available

for research by either the AAR Research Center, university personnel or outside par-

ties, the function of these three subcommittees must be redefined.

I want to sincerely thank members of the committee for their help. In addition,

I want to commend M. Noyszewski and J. A. Erskine to the Association as the new
chairman and vice chairman, respectively. Finally, I would like to recognize our

subcommittee chairmen—M. E. Weller, Steel; E. D. Ripple, Concrete; L. R. Kubacki,

Timber; E. R. Andrlik, Electronics Computers; and D. R. Wright, study leading

toward die establishment of a consistent design loading.

The purpose of Committee 30 is to give direction on structural research. We
believe the talents of this committee are not being best used. We solicit more work.

Committee 31—Continuous Welded Rail

Remarks by Chairman B. J. Johnson

Regional Assistant Chief Engineer, Chesapeake & Ohio Railwoy—Baltimore

& Ohio Railroad

In 1970, Committee 31 approxed and submitted for adoption in the Manual,

Specifications For Thermite Welding—Rail Joints. This report is a result of several

years' study and preparation by Subcommittee 7 under the direction of K. H. Kan-

nowski. It is hoped that these recommendations on thermite welding will be a

practical aid in this most essential tool in the field of continuous welded rail.

In 1970, the Board of Direction authorized Committee 31 to organize a new
subcommittee, the purpose of which is to prepare a CWR Field Handbook. This

group will be known as Subcommittee 8 and will be under the chairmanship of

V. R. Terrill. The committee proposes to assemble all of the important information

which would be of value to persons involved in the field work of continuous welded

rail. The booklet will be directed primarily to supervisors of track.

Other subcommittees of Committee 31 will be studying such subjects as:

Non-destructive testing of welds;

Heat treatment of CWR;
Control of temperature while laying CWR;
Anchorage of continuous welded rail;

Increased joint restraint;

Repairs to failed welds;

Layout of fixed and portable welding plants;

In-track welding.

Six members of Committee 31 will join Committee 4—Rail, in fonniug an

ad hoc committee for the study of rail straightness as related to the rail welding

process.
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Committee 32—Systems Engineering

Remarks by Chairman H. L. Chamberlain

Engineer—Bridge Rating, Penn Central Transportation Company

Before proceeding with its formal report your committee invites the attention

of the membership to the demonstration which has been arranged as part of our

Special Feature for this convention. We have labeled this "The Computer in an

Engineering Environment" and we invite your attendance and your inquiry.

The committee would like to publicly express its thanks and its appreciation

to the I.B.M. Corporation for furnishing and installing an I.B.M. 1130 computer

system here in the hotel for our use; to the Techplot Company for lending us a

Cal-Comp plotter for inclusion in the system; and to the Penn Central Transporta-

tion Company for making available a variety of illustrative examples which are

compatible with the 1130 system. The membership is urged to take advantage of

what your committee feels is a unique and valuable display.

The very few years during which your Committee 32 has been in existence

have seen remarkable changes. Only five years ago, during tlie time the committee

was in the process of formation, the accent was on availability of computers. This,

perhaps unfortunately, led to a general impression that this committee is primarily

involved with computers. This is not tlie case.

The computer is a tool, much the same as a desk calculator or a slide rule is a

tool. It may be necessary, even mandatory, that a computer be employed to manipu-
late enormous masses of data efficiently and speedily, but it must be emphasized

that the computer is only the tool by means of which we are able to glean meaning

out of the data available to us. It is the application of this tool that is our primary

concern. You will hear shortly a report on how one railroad has applied the disciplines

of systems engineering without utilizing the computer.

I have said that this committee has witnessed a remarkable change. This is

true. And the change is in viewpoint. Where five years ago this committee had as

its ijrimary concern computer availability, today we are concerned with the applica-

tions of systems engineering concepts through the power of tlie computer or through

whatever tools may be available. And this is what systems engineering is really all

about. It is, very basically, the application of a concept and a tool to the solution

of engineering problems.

Recognizing the shift in emphasis your committee has involved itself over the

past year in the investigation and evaluation of applied systems engineering on vari-

ous railroads and in governmental agencies which are concerned with rail transporta-

tion. The results have been both stimulating and valuable.

During the ensuing year it is our intention to continue our study of railroad

engineering problems and how systems concepts may be used to assist in their

solution.
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Special Committee on Concrete Ties

Remarks by Chairman G. H. Way

Research Engineer Roadway, Chesapeake & Ohio Railway-Baltimore & Ohio Railroad

During 1970-71 tlie Special Committee on Concrete Ties has largely formulated

a specification, or a recommended practice, for design, test and use of concrete rail-

road ties. Every member of the committee has contributed both individually and

collectively to this effort. If the only thing we have learned is how much we don't

know, it has been a rewarding experience. When we started this project, we all

anticipated complexities, urgency, and the significance of the task. However, I don't

believe many of the committee members, certainly not its chaimian, properly esti-

mated the true magnitude of this assignment.

We have tried, however, to meet three essential requirements:

1. Produce a performance specification—tliat is, to define the manner in

which ties should react to loads and environment ratiier than specify the

actual design of ties.

2. Provide a rational basis for those performance specifications—that is, field

service test results or technical analysis rather than mere judgement or

guesses of required values.

3. Provide a specification that is sufficiently general or broad in its require-

ments that it permits both manufacturers and railroad engineers a fairly

wide range of flexibility in designing and using concrete ties.

The format of a specification not only influences the relative convenience with

which it can be used, but structures the way those who prepare it tliink about and

approach their problems. Consequently, I think it worthwhile to go over the fonnat

of tliis specification. This will tell you what you can expect to find in the spec-

ification when it is released and will also point out the areas which tlie committee

considered important in describing cross tie performance:

1. FORWARD—The forward of this specification explains the purpose and

scope of what follows. It defines terms which are eitlier generally new or

that are particularly significant to proper interpretation. The relationship

to other specifications, such as American Concrete Institute or American

Society for Testing and Materials, is explained. Lastly, tlie forward

describes how the specification can be used by both manufacturers and

users.

2. GENERAL CONSIDERATIONS—The section on general considerations

attempts to relate ellects of other factors, such as wheel and traffic loads,

rail section, ballast section, etc., to tie design and usage. The committee

found that many factors such as these were repeatedly influential in later

sections and by handling them once at the beginning avoided repetition

throughout the remainder of the specification. For example, the value of

vertical load imposed on the tie's rail seat influences not only tlie required

flexure strength of the ties but its spacing and physical dimensions, mikI

its bearing load on ballast as well.

Uui. eas
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3. MATERIALS—It was in an cHort to rxcit sonic tonlrol ()\cr dniability

and weatherinji characteristics that the section on materials was inclnded.

In this part, the specification refers to ASTM specifications freqnently and
covers snch things as:

a ) cement

b) aggregates

c ) concrete

d) reinforcing steel

e) pads, insnlation and fastening

4. TIE SIZE AND MASS—The section dealing with physical dimensions,

weight, and confignration actnally specifies only the limits of these char-

acteristics which are appropriate to usage in standard-gage railway track.

The section also addresses itself to acceptable dimensional tolerances

between production ties and their design.

5. FLEXURE STRENGTH—The next section, dealing with flexure strength,

while probably the most straight-forward in the specification, represents

at the same time the very essence of the committee's approach. It begins

with an analysis of the factors involved (tie spacing, wheel loads, impacts,

tie-spacing distribution factor, tie lengtli, etc.) and determines the appro-

priate bending moments. The specification lists strength requirements for

both monoblock and two-block tie^s and relates these to a range of possible

tie spacings. Positive rail seat, and both negative and positive tie-center

strengths are provided.

6. LONGITUDINAL AND LATERAL RESTRAINT—The two sections

which consider longitudinal and lateral rail restraint, of course, deal with

rail fastenings. This is not, however, unrelated to concrete ties. We
learned very early in our deliberations tliat the entire track structure is

tied together in the way it responds to loading. We found the questions

of rail restraint to be good examples of this interdependency of track

components. In addition, the problems of track resistance to rail over-

turning and longitudinal movement are timely and pertinent to some cur-

rent operating difficulties.

As in the sections on physical dimensions and flexure strength, these

sections begin by considering the factors influencing the requirements and

an analysis of the actual loads to be restrained by an individual fastener.

Subsequently, the magnitudes of appropriate restraint factors are presented.

7. ELECTRICAL PROPERTIES—The electrical properties section, while

brief, is certainly important. It will provide die values of electrical im-

pedance and resistance which concrete ties must offer to insure com-

patibility with signal circuits. We received consultation and advice from

the Communication and Signal Section of AAR in tliis matter.

8. DESIGN TESTS—This section is devoted to a description of laboratory

procedures which are to be used to test a tie design's compliance witli

the requirements set in the previous sections. It covers static tie bending,

static rail restraint, pullout of cast inserts, and fatigue tests of ties and

fastenings. It is anticipated that these tests will be performed only to

cjualify a design and that they need be repeated only when new designs

or changes in design are offered.
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9. QUALITY CONTROL TESTS—This section describes the much fewer

and less sophisticated test procedures which manufacturers are expected

to employ to assure that production ties continue to be of the same

general quality as those which met the requirement of the design tests.

It describes the procedures to be followed in selecting production ties for

test and for subsequent action in the event of test failure.

10. HANDLING AND SHIPPING—The final section details methods for han-

dling and shipping ties which are intended to make sure that the ties

which end up in railway track can reasonably be expected to be

undamaged and able to perform in the manner expected.

The specification includes many tables: for example, tables showing flexure

requirements of monoblock ties from 8 ft to 9 ft 6 inches in length and of the

end blocks of two-block ties for the same range of tie spacings.

Using tables such as these, designers may select the strength they wish to build

into ties, or railway engineers may determine the spacings with which to use existing

products. The economics of using smaller, less expensive ties can be compared with

that of stronger, more-expensive designs used at wider spacing. For example, an

engineer offered a tie capable of withstanding 180 inch-kips positive bending at the

rail seat and 185 inch-kips at the center in negative bending, can judge it against

another design offering 150 and 155 inch-kips, respectively. By checking tlie table,

he can see that he will ha\'e to use the second tie at 24-inch spacing while the first

can be used at 30-inch spacing.

The specification is not yet complete. The entire text must be edited and several

portions need answers and values not yet detemiined. I mentioned at the beginning

that ^^•e have learned how much we do not know. Some of the things we don't know
or haven't learned will have to be missing from tliis specification when it is published

in the AREA Bulletin later this year as information. I hope you will bear with us

until we gain more knowledge.
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Mr. Loflllci's advancement to the presidency of the Association was attended

l)> tragic circumstances. At the convention in March 1950, President F. S. Schwinn

was to have been succeeded by G. L. Sitton who was unable to attend the conven-

tion because of illness (which later proved to be terminal) and served notice that

he would not be able to assume the presidency. At that time tlie AREA constitu-

tion stipulated that in the event of a vacancy in the presidency, the senior vice

president would perform his duties. Hence, Mr. LoefHer was faced with the pros-

pect of a two-year term as president, something that neither he nor the superior

officers of his railroad had bargained for when he was placed in nomination for

president. However, by expeditious action on the part of the Board of Direction,

ratified by the membership, the constitution was quickly amended to provide that

in the event of a vacancy in the office of tlie president, succession on the part of

the senior vice president would follow automatically.

Mr. Loeffler's qualifications for advancement in the official AREA family were

established during his long membership on committees, and the traits of character

displayed during the course of his committee work were manifest throughout his

service for the Association as a whole. At no time during his entire career did he

indulge in anything that savored of the sensational or spectacular. Rather, he com-

manded the respect of his fellow workers by his persistent efforts and the tenacity

with which he adhered to his views and chosen objectives.

It has been said that administrators, as a rule, do not rate high in manual skills.

But this was not true of Mr. Loeffler, who possessed unusual skill and taste as a

cabinet maker. At one time in his career he even built a fine home for his family

in St. Paul almost entirely with his own hands.

Mr. Loeffler was also a member of tlie American Society of Civil Engineers

(being president of the Northwestern Section in 1939), St. Paul Engineers Society,

and the Methodist Church. His fraternities were Tau Beta Pi and Theta Tau.
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Edward Gustave Gehrke, who retired on May 31, 1970, as administrative secre-

tary, AREA, and secretary. Engineering Division, AAR, died on November 5, 1970,

following a heart attack while on a duck-hunting trip near his home at Lake Villa,

111. Survivors include his wife, Evelyn; one son, Edward F., two grandchildren,

Gayle and Douglas; and his 94-year-old mother, Katherine.

E. G. Gehrke

Mr. Gehrke was born at Maywood, 111., in 1905, and starting at the age of 15,

spent his entire career, spanning more than 50 years, as a joint employee of the

AREA and AAR. During these years he served in the administration of four top

executi\'e staff officers of the AREA—E. H. Fritch, W. S. Lacher, N. D. Howard

and E. W. Hodgkins.

Self-educated beyond his high-school work, Mr. Gehrke had a fine mind, good

looks, a pleasant personality and high character. Versatile and competent, he was

thoroughly familiar with every aspect of the Association's operations, especially its

financial affairs and convention arrangements. In all tliese matters, he was of invalu-

able assistance to the AREA, always working cooperatively and harmoniously with

otlier members of the headquarters stafE

Aside from his official duties, Mr. Gehrke maintained a wide and friendly

relationship with hundreds of AREA members over tiie years, many of whom would

seek him out for assistance and advice or just a friendly chat whenever they visited

Association headcjuarters. By all these members and his office associates, he will be

greatly missed.

A devout Catholic, Mr. Gehrke devoted nmch of his si^are time to church work,

to charity work, and to the Boy Scouts.
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Report of the Executive Manager

March 17, 1971

To THE Members:

The 71st year of the American Railway Engineering^ Association was a success-

ful one, particularly from the standpoints of technical operations, membership and

finances. The operational year began on March 18, 1970, at the end of that year's

Comention, and ended on March 17, 1971, at the end of the 1971 Con\ention (the

AREA fiscal year coincides with the calendar year).

During the 1970 Association year the technical committees maintained a high

le\el of committee activity and four of them changed their names to more accurately

reflect the tlirust of their activities in today's technology. These are Committee 7

—

Timber Structures (formerly Wood Bridges and Trestles); Committee 11—Engineer-

ing Records and Property Accounting ( formerly Engineering and Valuation Records )

;

Committee 16—Economics of Plant, Equipment and Operations (formerly Econom-

ics of Railway Location and Operation); and Committee 24—Engineering Educa-

tion (formerly Cooperative Relations with Universities). In addition, the name of

the "General Convention Arrangements Committee" was changed to "Convention

Operating Committee."

Membership statistics show a gain of 8 members during calendar year 1970,

thus reversing the general trend of the past eight years of decreasing membership

when considered year by year. Only in 1967 did the Association also experience

an increase in membership when it reached an all-time high.

In spite of the inflationary forces acting on virtually all facets of AREA opera-

tions and actixities, the Association finished calendar year 1970 in the black—by
$4941—even though a deficit of about $5660 had been anticipated. This was accom-

plished primarily by close control of printing costs and taking the greatest possible

advantage of technological advances in printing techniques. Another factor was the

recovery of postage for mailing AREA publications by charging the purchasers

thereof for mailing and handling costs. Details regarding Association finances are

given in the Treasurer's Report.

Major Meetings During 1970 Association Year

The 1970 Regional Meeting was held at Toronto, Ont., on October 20. The
sixth such meeting and the first to be held in Canada, it attracted 219 members and

guests, which compares fa\'orably with the attendance at prior Regional Meetings.

The Toronto Regional Meeting was under tlie general direction of AREA Director

C. W. Wagner, Industrial Engineering Officer, Canadian National Railways, and was

planned and directed by R. L. Gray, then Regional Engineer, Canadian National,

Toronto, now Assistant Chief Engineer—Maintenance, Montreal, Que. Mr. CIray

was chairman of the Local Arrangements Committee made up of Canadian National

and Canadian Pacific personnel in the vicinity of Toronto.

The AREA sponsored one session at the 1970 National Transportation Engi-

neering Meeting of the American Society of Civil Engineers held at Boston, Mass.,

in July 1970. The AREA-sponsored program included talks by AREA members

and others on various aspects of rail transportation. The program was planned and

directed by AREA Director C. T. Popma, Chief Engineering Officer, Penn Central

Transportation Company.

The Seventieth Annual Convention of the AREA and the 1971 Annual Meet-

ing of the AAR Engineering Division were held on March 15-17, 1971, at the

Sherman House, Chicago. Total registration was 97.5—546 railroad members and
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COMMITTEES OF THE BOARD OF DIRECTION

1970-71

Executive

E. Q. Johnson (Chairman), A. L. Sams, R. M. Rrown, H. E. Wilson,

H. M. Williamson

Membership

D. V. Sartore {Chairman,} C. W. Warner, R. F. Bush, A. W. Carlson,

B. J. Worley

Finance

A. L. Sams (Chairman), H. E. Wilson, D. V. Sartore, A. W. Carlson,

B. J. Worley

Research

R. H. Beeder (Chairman), A. L. Sams, C. T. Popma, E. T. Franzen,

B. J. Worley

Publications (Special)

(Manual and Publications)

H. M.Williamson (Chairman), J. F. Piper, R. F. Bush, J. T. Ward,

E. M. Hastings, Jr.

Technical Activity (Special)

(Assignments and Personnel)

S. A. Cooper (Chairman), R. M. Brown, J. F. Piper, E. T. Franzen,

W. J. Jones

Regional Meetings (Special)

C. W. Wagner (Chairman), H. E. Wilson, S. A. Cooper, J. T. Ward,

E. M. Hastings, Jr.

Advertising (Special)

W. J. Jones (Chairman), H. E. Wilson, R. M. Brown, C. T. Popma,

J. T. Ward

guests and 429 nonrailroad members and guests. While lower tlian at most past

conventions, this registration figiue was considered remarkably good in view of the

gloomy economic situation on tlie railroads and the impending strike which

threatened the railroads at convention time.

Continuing the practice began last year, special features were emphasized and

committee reports limited to brief accounts of accomplishments and future plans

without repetition of previously published material. The AAR Engineering Division
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also, in continuation of the practice began last year, sponsored a session given over

to business and addresses specifically oriented toward the AAR and the Division.

The 1971 meetings were presided over by AREA President and ED Chairman E. Q.

Johnson, tlien Chief Engineer, Norfolk & Western Railway, now Assistant General

Manager Maintenance, Chesapeake & Ohio Railway—Baltimore & Ohio Railroad.

The address at the Annual Luncheon was given by J. P. Fishwick, president,

Norfolk & Western Railway.

MEMBERSHIP

Membership statistics, established during 1968 on a calendar year basis for

administration and comparison, indicate a slight upward trend and show a gain

of 8 as compared to losses of 73 last year and 15 in 1968.

The gain shown for 1970 is due in part to the efl^orts of the officers, directors,

and members in encouraging a continuation of membership on their individual

railroads. New members gained through tlie year almost offset losses by attrition

(deceased, resigned and dropped for non-payment of membership dues). Applica-

tions for membership received as a result of efforts made at the Regional Meeting

in Toronto, Ont., and the initial flow of applications received as a result of recent

action by the Board Committee on Membership account for die small but significant

gain in 1970.

As a direct result of the action taken by the Board Committee on Membership,
applications are being received almost daily. Letter Ballot 308 was issued to tlie

Board on January 25, containing 23 names. Ballot 309 containing 14 names was
issued on February 16. The outlook, so far as membership is concerned, looks good

for 1971.

Efforts should not be confined to the Board Committee on Membership. There

are still many railroad employees in various departments of all roads that would
benefit through AREA membership. It is vital that membership be maintained on a

high level to advance technical studies to the fullest and benefit the greatest pos-

sible number of railroad personnel by adding to their knowledge, experience and

talents in the object of the Association, "the advancement of knowledge pertaining

to the scientific and economic location, construction, operation and maintenance of

railways," and thereby contribute to the fullest to the welfare of the railroad indus-

try as a whole.

As one member of the Board of Direction recently pointed out, railway engi-

neering information contained in reports published by the AREA is not available

from any other source and all railroads benefit materially from tlie efforts of AREA
technical committees.

Membership

Membership Years
1969 1970

Membership as of January 1 3406 3333

New members during year 161 171

Reinstatements during year 32 24

Gain or loss in junior members —

1

-f-7

192 202
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Membership Years

1969 1970

Deceased duiinji year 44 34
Rc'sijjnt'd dminy year 51 27

Dropped during year 170 133

265 194

Net CJain or Loss —73 +8

Membership December 31 3333 3341

Membership Classification by Years

For each of the membership years shown, the year begins on February 1, and

ends on January 31 of tlie following year, except 1968, 1969 and 1970. For 1968 the

year begins on February 1 and ends December 31. For 1969 and 1970 the year

begins January 1, and ends December 31.

1,963 1964 1965 1966

Life 465' 449 457 446
Member 2573 2540 2516 2528
Associate 270 267 268 263
Junior 90 76 66 65

1967
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(M '25), retired engineer maintenance of way, Missouri Pacific Railroad, member

of Committee 22—Economics of Railway Construction and Maintenance (formerly

Economics of Railway Labor), 1940-1961, and Member Emeritus of Committee 22,

1963 until the time of his death; L. J. Deno (M '47), member of former Committee

29—Waterproofing, 1948-1954, being vice chairman the last two years, and Com-

mittee 1—Roadway and Ballast, 1954 until the time of his death, being vice chair-

man 1961-1964 and chairman 1964-1967; J. E. Fanning (M '22), retired assistant

to chief engineer, Illinois Central Railroad, member of Committee 5—Track, 1945-

1948, and Committee 28—Clearances, 1946-1959, and Member Emeritus of Com-

mittee 28, 1959 until the time of his death; D. T. Paries (M '55), chief engineer,

Bessemer & Lake Erie Railroad, member of Committee 4—Rail, 1959 until the

time of his death, and Committee 31, 1956-1962, being vice chairman in 1962;

A, R. Harris (M '41), retired engineer of bridges, Chicago & North Western Rail-

way, member of Committee 15—Steel Structures (formerly Iron and Steel Struc-

tures), 1947-1966, being vice chairman 1953-1955, and chairman 1956-1958, Com-
mittee 28—Clearances, 1946-1962, being vice chairman 1946-1948, chairman

1949-1952 and Member Emeritus 1962 until the time of his death. Committee 30

—Impact and Bridge Stresses, 1941-1965; E. K, Lawrence (M '26), retired general

scale inspector, Baltimore & Ohio Railroad, member of Committee 14—Yards and

Terminals, 1926-1957; F. N. Nye (M '33), retired director of transportation and

economic research. New York Central System (now part of the Penn Central Trans-

portation Company), member of Committee 16—Economics of Plant, Equipment

and Operations (formerly Economics of Railway Location and Operations), 1938-

1967, being vice chairman 1942-1945, chairman 1946-1948, and Member Emeritus

1967 until the time of his death; E. E. Oviatt (M '19), retired chief engineer. New
York, New Haven & Hartford Railroad (now part of the Penn Central Transporta-

tion Company), member of Committee 4—Rail, 1933-1956.

ACTIVITIES OF TECHNICAL COMMITTEES

Assignments

In 1970 the Association had 22 standing technical committees compared with

23 in 1969, the reduction being due to the deactivation of Committee 18—Electricity,

on January 1, 1970.

During 1970 the 22 standing committees worked on 153 assignments, 12 of

which were new. As usual, each subcommittee carried out its own studies and
investigations independently, or with the cooperation of the AAR research staff.

In addition, the Special Committee on Concrete Ties, which was created b\' tlie

Board of Direction in 1969, progressed almost to completion its work of preparing

a perfonnance specification which would serve as guidance to the railroad industry,

the supply industry and others engaged in tlie design, manufacture, selection, testing

and purchasing of concrete cross ties.

Many of the subcommittees held their own meetings before, during or after

the scheduled meetings of the full parent committees. At the full connnittee meet-

ings, the subcommittee chairmen reported on the subconnnittee's progress on their

assignments and discussed any problems with the work with other members of the

full committee. This procedure enables the wide knowledge and experience of all

the members of AREA committees, from a large number of railroads, to be applied

to the Studies of the subcommittees. What an outstanding educational experience
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AREA committee work can be for oin- younger members! This is perhaps one of

the greatest benefits the individual railroads and the raihoad industry as a whole

derives from the American Railway Engineering Association—assistance in the

technical and administrative preparation of their young engineers and supervisors

for greater responsibilities—to tlie extent these people are allowed to participate in

AREA general and committee activities.

A large percentage of AREA committee work is directed towards the prepara-

tion of progress or final reports for information; toward revising material appearing

in tlie AREA Manual for Railway Engineering and the Portfolio of Trackwork

Plans; and toward carrying out special projects related to their assignments.

The 1970 statistics show that our 22 standing committees produced one or

more information reports on 50 of their 153 assignments (not including Assign-

ment A). In addition, the committees submitted 10 reports containing Manual

recommendations, all of which, for the fourth time, were published separate from

the committee reports—this year in Part 1 of the November-December Bulletin.

Furthermore, all 22 committees presented brief "progress" or "status" statements

with respect to assignments on which they made no formal report.

During 1971 the committees as a whole will work on 156 assignments, 10 of

which are new.

Classification of Material

The work of AREA committees during 1970 was so diversified and extensive

that it is impossible to do other than refer to it in general terms in a report such

as this one, as in past years. However, the following is a general categorical classifi-

cation of the results of this work, as published in the technical Bulletins of the

Association.

Recommendations pertaining to the development, revision, or deletion of 17

different specifications and recommended practices for inclusion of the AREA
Manual and Portfolio; 43 reports on current developments in engineering practice

and design; 4 reports on current developments in systems engineering, data process-

ing and the use of computers to solve problems in railway construction, operation

and maintenance; 3 reports dealing with economy in the use of labor and the re-

cruiting and training of employees; 1 report on new and improved power tools,

machines, equipment and material; 3 economic and analytical studies; 3 reports

on relations with public authorities; 5 reports dealing with statistics; and 2 bibli-

ographies.

Committee work affecting the AREA Manual and the Portfolio of Trackwork

Plans included the presentation of 1 specification for adoption; the rewriting or

revision of 5 specifications; the deletion of 1 specification; the presentation of 5

recommended practices for adoption and 2 tentative recommended practices; and

the revision of 2 trackwork plans.

Discussion Section

During the 1970 Association year, continuing the practice adopted by the

Board of Direction in 1968, subcommittee reports, papers and addresses published

in the technical issues of the Bulletin were advertised as open for discussion. Also,

the Ground Rules for the Discussion Section were reprinted in two issues of the

Bulletin.
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Personnel of Committees

At the beginning of the 1970 Association year there were 1196 members as-

signed to 1315 places on the Association's 22 technical committees. This compares

with 1231 members who occupied 1380 places on the 23 standing committees at

the beginning of the previous year.

AREA committees were limited to a maximum membership of 70 and to the

number of members from each railroad depending on tlie total number of AREA
members from a specific railroad.

In the 1970 Handbook of Committee Activity the names of the committee

chainnen, vice chaimien, secretaries and subcommittee chainnen were again shown

in boldface type at the head of each committee roster.

The number of members assigned to committees for 1971, effective widi the

close of the 1971 Annual Convention, will be less than a year ago. Specifically,

1163 members have been assigned to 1291 places on committees for 1971.

Committee Meetings

To progress their work on assigmnents die 22 AREA technical committees

held a total of 65 meetings during die 1970 Association year, compared with 64

meetings the previous year. As is usually the case, the majority of these meetings

were held in Chicago or at points central to the largest number of committee mem-
bers. The exceptions were scheduled to permit inspections of facilities, operations

or projects which could be seen only by going to those points.

Of the 65 meetings held during the 1970 Association year, 38 were held in

Chicago (including the 15 held during the 1970 Convention); 3 were held in

Madison, Wis., two each were held in Whitefish, Mont., Ottawa, Ont., and New
Orleans, La., and 18 were held in other cities.

The number of meetings held during the year by each committee was dictated

by the scope of their work and other considerations. Accordingly, 1 committee held

5 meetings; 4 committees each held 4 meetings; 10 committees each held 3 meet-

ings; and 7 committees each held 2 meetings. Combined with their meetings, 25

inspection trips were made by AREA committees during the year to see facilities,

structures, procedures, projects or operations directly related to their work.

Committee Name Changes

During the 1970 Association year, with the approval of the Board of Direction,

Committees 7, 11, 15 and 24 changed dieir names. The new name for Commit-

tee 7 is Timber Structures (formerly Wood Bridges and Trestles); for Committee

11, Engineering Records and Property Accounting (formerly Engineering and

Valuation Records); for Committee 15, Steel Structures (formerly Iron and Steel

Structures); and for Committee 24, Engineering Education (formerly Cooperative

Relations with Universities).

ASSOCIATION PUBLICATIONS

In 1970 the Board of Direction put into effect important changes in the pub-

lishing schedules of the AREA Bulletin and the AREA \ews. The Bulletin will

henceforth be issued five times a year instead of the former seven issues each year,

and the AREA News will be issued on a quarterly schedule—Winter, Spring, Sum-

mer, and Fall—instead of bi-monthly as heretofore.



648 Report of Executive Manager

The c'liaii^c in llic Hiillclin stlicdiilc will ncillu'r icdiicc iht' contents of tliis

publication or the Annual Proceedinj^s nor cliange the format of the Bulletin or

its contents. The reduction in the number of issues was accomplished by combining

the November and December issues and the January and February issues. Thus the

Bulletins in Proceedings \'olume 72 will be dated September-October 1970,

November-December 1970, January-February 1971 and June-July 1971. In addi-

tion, the Directory Issue of the Bulletin each year will be dated April-May instead

of March. This change will result in the Directory being more up to date when it

is issued.

The Fall issue of the AREA News will be mailed in December and will con-

tain the Skeleton Program of the following years' convention. With it will be sent

the ballot for the next year's election of officers and the sleeping room reservation

card for the convention hotel. The Winter issue of the News will be mailed in

February and will contain the Detail Program and otlier information on the con-

vention. The Spring and Sununer issues will be mailed on a flexible schedule.

The changes in tliese two AREA publications were made necessary by the

continued increases in postal rates and printing costs, and by tlie stringent rules

and regulations of the Post Office Department governing second-class matter, the

class in which the Bulletin is mailed.

All the Manual recommendations submitted by committees for adoption were

again published separate from the committees' informational reports—this year in

Part I of Bulletin 630, November-December 1970.

The 1970 Handbook of Committee Activity was again published in April, with

one important change: removal of the 35 pages of "Information and Rules for the

Guidance of Committees" and "Style Standards for Committee Reports" that had
appeared in previous editions of this publication. This was done because few of

these rules and style standards were of interest to the general committee member-
ship or chief engineering and maintenance officers. The few that were of general

interest were printed on two pages near the front of tlie handbook under the head-

ing "Information About Committee Membership."

In the future the rules and style standards will be revised and rewritten as

necessary and printed in a separate booklet for distribution to committee chairmen,

vice chairmen, secretaries, and subcommittee chairmen for whom they are really

intended.

In 1970 the Board of Direction changed the name of the looseleaf AREA
Manual from "Manual of Recommended Practice for Railway Engineering" to

"Manual for Railway Engineering," and all the Manual pages bearing tlie name of

the Manual were revised accordingly and issued in the 1970 Manual Supplement.

The new name actually reverts to the title of the Manual used in 1936 when it was

first issued in its present looseleaf form.

One reason for the name change was to remove the connotation that tlie

Manual contains or should contain definitixe qualitative or detailed maintenance

standards criteria or tolerances to which railway roadway, track and structures should

be maintained. Another reason was to emphasize the engineering nature of the AREA
Manual to all the many and varied owners and users of it.

In toto, the 1970 Supplement contained 534 pages (267 sheets). Continuing

the practice begim last year, member holders of tlie Manual were charged a price

for the 1970 Manual Supplement compatible with the actual cost to print it instead

of the flat $1.00 annual Supplement fee, regardless of the size of the Supplement,
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which was formerly in cllect. The price for the 1970 Supplement was estabhshed

at $3.00 for a member's personal copy, 4.75 for railroads and $6.50 for non-

members.

However, to i^ermit conunittee members who have purchased separate copies

of their committee's Ahmual Chapter to keep tliem up to date, copies of the 1970

Supplement sheets pertaining to their chapters again were mailed to all committee

members without charge.

There was no Supplement to the AREA Portfolio of Trackwork Plans in 1970

Again in 1970, Proceedings Binders automatically were furnished without

charge to all members who had standing orders for them on file at Association

Headquarters. This tsvo-post, hard-cover, book-type binder is designed to house

aU tile Bulletins in tlie publication year, which starts with die September-October

issue and ends witli the June-July issue, with the exception of the blue-covered

Directory issue (henceforth to be dated April-May) which is not punched for

binding, since the directory of members never has been published in the Annual

Proceedings.

The June-July 1970 Bulletin was again published in the new format made
possible by the adoption in November 1968 of an amendment to die AREA Consti-

tution removing the requirement for "Reading of the minutes of the last meeting"

at Annual Conventions. As in 1969, the 1970 issue contained only material pre-

sented at the March 1970 Convention having technical and historic interest: the

president's address, reports of tlie executive manager and treasurer, special features,

panel discussions and committee reports not previously published in die committee

report Bulletins. It also included the addresses and special features presented during

the session sponsored for die first time by die AAR Engineering Division.

LOOKING AHEAD

Here are the presently scheduled dates and locations for future Conventions

of the AREA, all at Chicago:

1972—March 7-9, Sheniian House

1973—March 12-14, Palmer House

1974—March 18-20, Palmer House

1975—March 24-26, Palmer House

1976—March 22-24, Palmer House

In conjunction with the 1972 Convention, which will start on Tuesday, March

7, the Railway Engineering-Maintenance Suppliers Association will sponsor an exhibit

at the International Amphitheatre, starting on Monday, March 6. Thereafter, REMSA
plans to sponsor an exhibit in conjunction with an AREA Convention every fifth

year.

The next Regional Meeting will be held on October 21, 1971, at die Sheraton-

Jefferson Hotel, St. Louis, Mo. Arrangements and planning for the meeting are

under the direction of AREA Director E. T. Franzen, Chief Engineer, Missouri

Pacific Railroad, St. Louis.

The officers and directors of AREA look to all classes of membership to help

solve the problems facing the Association today and tomorrow. The technical and

other activities need active support, and there are many people qualified for AREA
membership who would benefit therefrom, and whose activity would benefit tlic

railroad industry and the profession of railway engineering. All members are urged

to promote their Association to their associates while at the same time participating
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themselves in the wide range of AREA activity in the engineering, design, construc-

tion and maintenance of the fixed plant of railroads.

Respectfully submitted.

Earl W. Hodgkins,

Executive Manager

and Secretary.

Bcceageb jUlembcrsi

C. M. Angel (M '29)

Retired Engineer of Tests, Chesapeake & Ohio Railway, Huntington, W. Va.

J. H. Babbitt (M '27*, L '69)

Retired Division Engineer, Baltimore & Ohio Railroad, Indianapolis, Ind.

J. Bernstein (M '28)

Retired Division, New York Board of Transportation, Woodstock, N. Y.

D. L. Bloem (A '57, M '67)

Director of Engineering, National Sand and Gravel Association, Silver Springs, Md.

F. B. Calhoun (M '47)

Assistant to Chief Engineer, Southern Pacific Transportation Company, Texas & Louisiana Lines,

Houston, Texas

R. E. Case (M '63)

Assistant Structural Engineer, Union Pacific Railroad, Omaha, Nebr.

A. B. Chaney (M '25)

Retired Engineer Maintenance of Way, Missouri Pacific Railroad, Little Rock, Ark.

A. W. Charvat (M '62)

Engineer of Buildings, Chicago, Rock Island & Pacific Railroad, Chicago, 111.

C. G. Conley (A '32)

Retired President, The Mount Vernon Bridge Company, Mt. Vernon, Ohio

J. J. Connors (M '69)

Superintendent Maintenance of Way Shop, Penn Central Transportation Company, Jackson, Mich.

L. J. Deno (M '47)

Maintenance Engineer, Chicago & North Western Railway, Chicago, 111.

W. E. DwY (M '64)

Area Engineer, Baltimore & Ohio Chicago Terminal Railroad, Chicago, 111.

J. E. Fanning (M '22)*

Retired Assistant to Chief Engineer, Illinois Central Railroad, Memphis, Tenn.

D. T. Faries (M '55)

Chief Engineer, Bessemer & Lake Erie Railroad, Greenville, Pa.
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G. L. Field (M '48)

Production and Programming Officer, Canadian National Railways, Montreal, Que., Can.

W. T. Friedline (M '70)

General Foreman Maintenance of Way, U. S. Steel Corp., Blairsville, Pa.

A. R. Harris (M '41)

Retired Engineer of Bridges, Chicago & North Western Railway, St. Petersburg, Fla.

G. p. Hayes (M '55)

Retired Assistant Chief Engineer, Construction, Richmond, Fredericksburg & Potomac
Railroad, Arlington, Va.

R. B. Hayslip (M '63)

Division Engineer, Chesapeake & Ohio Railway, Detroit, Mich.

L. J. Hughes (M '12)

Retired Principal Assistant Engineer, Chicago, Rock Island & Pacific Railroad, Evanston, 111.

D. HULTGREN (A '33)

Evanston, 111.

S. C. Johnson (A '26)

Retired Executive Secretary, National Railway Appliances Association; Retired Vice President,

Dearborn Chemical Company, Ft. Lauderdale, Fla.

J. T. Kelly (M '68)

Supervisor Contract Administration, Penn Central Transportation Company, Philadelphia, Pa.

R. L. Knight (M '57)

Retired Chief Draftsman, Pennsylvania Railroad, Baltimore, Md.

E. K. Lawrence (M '26)

Retired General Scale Inspector, Baltimore & Ohio Railroad, Cantonville, Md.

R. A. Leach (M '29)

Retired Inspecting Engineer, Chief Engineer's Branch, Commissioner of Railways Office,

Brisbane, Queensland, Australia

E. T. Lederman (M '58)

Sun City Center, Fla.

H. S. LOEFFLER (M '29)

Retired Assistant Chief Engineer, Great Northern Railway, Salt Lake City, Utah

P. F. Nichols (M '36)

Retired Assistant Engineer, Erie Lackawanna Railway, Del Ray Beach, Fla.

R. E. NcTTiNOHAM (M '42, L '67)

Retired Division Engineer, Louisville & Nashville Railroad, Ely, Minn.

F. N. Nye (M '33, L '68)

Retired Director of Transportation and Economic Research, New York Central System,
Tuckahoe, N. Y.

E. E. OviATT (M '19)

Retired Consulting Engineer, New York, New Haven & Hartford Railmad. Ncedham, Conn.

VV. M. Post (M '19)

Retired Signal Engineer, Penn.sylvania Railroad, Wayne, Pa.
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A. G. Rankin (M '42, L '69)

Rilircd Assistant District Engineer, Texas & Pacific Railway, Dallas, Texas

V. A. M. Robertson (M '29)

Sir William Halcrow & I'artners, Consulting Engineers, London, England

A. J. Robinson (M '24)

Retired Engineer Timber Preservation, Great Northern Railway, Spokane, Wash.

H. H. Schmidt (M '63)

Structural Engineer, Union Pacific Railroad, Omaha, Nebr.

W. G. Stxjbblefield (M '52)

Principal Assistant Engineer, Gulf, JNIobile & Ohio Railroad, Mobile, Ala.

P. H. Swales (M '58)

T. K. Dyer, Inc., Lexington, Mass.

Vance Sykes (M '18)

Retired Division Engineer, Seaboard Air Line Railroad, Hamlet, S. C.

M. D. Thompson (M '22>)

Retired Special Engineer, Illinois Central Railroad, Covington, La.

J. R. Traphoner (M '35)

Retired Division Engineer, Seaboard Air Line Railroad, Tampa, Fla.

H. W. Walbright (M '60)

Division Engineer, Norfolk & Western Railway, Portsmouth, Ohio

Thomas Walker (M '20)

Retired Roadmaster, Louisville & Nashville Railroad, Ashville, N. C.

J. M. Wolfe (M '48)

Chief Engineer, Florida East Coast Railroad, St. Augustine, Fla.

«iVS .if
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Report of the Treasurer

December 31, 1970

To THE NfEMBERS:

As your treasurer, and viewing the Association from a financial viewpoint, I

am happy to report that during 1970 the Budget was balanced and we finished

the year in the black in spite of the fact that we began the year with a negative

bank balance of about $4,000.

At the beginning of the year it was anticipated that 1970 receipts would hold

their own with only slight losses, but increasing costs would inflate disbursements.

It was expected that disbursements would exceed receipts by $5,660—almost the

opposite was achieved, receipts exceeded disbursements by $4,941.

I will not attempt to review all items of receipts and disbursements here. These

statistics are individually shown in the following Financial Statement and General

Balance Sheet. I will, however, comment on some of the more significant items.

The items of Membership, Track Plans, Miscellaneous, Interest, Convention

and Manual were about at the expected level of receipts. Student Affiliate fees and

Advertising receipts were slightly under expectation. The fact that Manual Receipts

for 1970 were $3,275 over expectation, does, I believe, deserve some individual

attention. Manual receipts were only slightly below the all-time high reached in

1968 when 120 Manuals were sold to one purchaser. Thus, revenue on normal

sales exceeded the previous high. This would appear to indicate the high regard

in which this important Association publication is held by the entire engineering

profession, not only in this country, but abroad, as well.

It is also significant to note that receipts from the sale of other publications

was about $2,675 above estimation.

On the disbursement side, disbursements for 1970 were estimated at $113,660,

but were $5,355 lower than estimated, with minor over-vmder expenditure in most

items contained in the Budget. The major under expenditure was $2,229 in printing,

due primarily to action taken by the Board to consolidate some issues of the Bulletin

and to publish the AREA News four times a year instead of sLx.

It should be noted that the volume of publication sales and receipts has more

than doubled in the past eight years and continues to increase. To cope with tlie

demands of industry for our mail-order operation requires an increasing amount of

correspondonce, records and bookkeeping. This results, of course, in a significant

increase in the amount of staff time expended and materials used.

In all, 1970 was a record year for total receipts and we have been successful

in holding disbursements at a level significantly below the budget level. The 1970

calendar year was successful financially, but we will be hard pressed to achieve

similar results in 1971. Inflation is increasing virtually all items of AREA expendi-

tures. Thus, to come anywhere near balancing receipts and expenditures will require

concerted efi^orts on the part of all officers and members of the Association to in-

crease AREA Membership, and to promote the sale of AREA publications and the

Bulletin as an important ad\ertising medium.

Respectfully submitted.

655

A. B. Hu.LMAN, Jr.

Treasurer.
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COMPARISON OF RECEIPTS AND DISBURSEMENTS FOR THE LAST 20 YEARS

195L--- % 09, 045. 00
1952..-. _ 77,514.00
1953 7:^,0:53.00

1954 85,748.99
1955 80,177.21
1956 79,5:^1.11
1957 85,429. :51

1958 81,454.50
1959 80,407.10
1960 81,1:58.79
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1962 70,097.28
1963 73,053.48
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1967 78,724.17
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1970 113,245.85
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0,254.03
9,014.04
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2,848.40*
4,940.52

Deficit.

financial statement for calendar year ending december 31, 1970

Receipts

Balance on Hand January 1, 1970 $117,090.70

Membership Account
Entrance Fees $ 1 , 755 . 00
Dues 57,485.50

$ 59,240.50

Sale of Publications
Proceedings $ 4,247.35
Bulletins 3,552.35
Manuals 18,274.82
Track Plans 3 , 802 . 20
Specifications 1, 874 . 03

$ 31,750.75

Professors E.xpenses $ 5,437.92
Advertising in Publications 3,149.90
Convention 0, 004 . 00
I nterest on Investments 5, 954 . 20
Interest on Special Account 9.07
Miscellaneous and Student Affiliate Fees 1 , 098 . 85

Total $113,245.85
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Disbursements
Salaries $:W,<)54.()8

Bulletins- . ... 27 , 43:i . 83
Stationery and Printing '.], 542 . 54
Rent-___' 1,14().(){)

Postage 4 , 234 . 5!

)

Supplies 874 . 52
Audit 350.00
Pensions 5 , 548 . 59
Social Security and Unemployment Tax '.i, 774 . 42
Manual 1 1 13,48().48
Refunds 110.26
Committee and Officers Expenses 1 ,072.27
Xewslet ter ] , 344 . 58
Studezit Affiliates 44.00
Miscellaneous and Telephone Expense 905 . 32
Track Plans (i.OO

Ext raordinary and Professors Expense 5 , 760 . 78
Convention 4, 722 . 47

Total $108,305 .33

Excess of Receipts over Disbursements $ 4, 940 . 52

Balance on Hand December 31, 1970 $122,631.22

STATEMENT OF ASSETS

To the Members:

Balance on Hand January 1, 1970 $117,690.70

Receipts during 1970 $113,245.85
Paid out on Audited Vouchers 108,305.33

Excess of Receipts over Disbursements 4,940.52

Balance on Hand Decern! icr 31. 1970 $122,631.22

Consisting of:

Bonds at Cost $121,715.01
Cash in Northern Trust Co 671. 25
Special Deposit in Northern Trust Co 2 1 9 . 96
Petty Cash 25.00

$122,631.22

I have made an examination of the accounts of the American Railway Engineering
Association for the year ending December 31, 1970, and have found them to be in

accordance with the foregoing statement.
C. A. BicK,

A iiililor.
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general balance sheet—1970
Assets:

Cash ill Xortlicrii 'riiist|('()ini)aiiy $ ()71 .25
Casli ill Special Account 210.2!)
Iiitcrcsl on Special Account <) 67
Petty Cash 25. (K)

Due from Members 20. 00
Due from .Vdvertising 520.00
Prepaid Postage (io . 00
Furniture a lui P'ixtures

1 ,000 . 00

Inventories:

I'uhlications on Hand 500.00
Track Plans and Loose Plans :i,5()5.27

Manuals 2,587.52
Binders 1,074. 46
Chapters, Specifications, etc ;5,958.80

Investments at Cost 121 ,715.01
Interest Accrued on Investments 1,131. 95

Total Assets $137,072 . 22

Liabilities:

Members dues paid in advance $ 528 . 00
Surplus 136,544.22

Total $137,072.22
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American Railway Engineering

Association

CONSTITUTION
Revised to November 14, 1968

Article I

Name, Object and Location

1. Name
The name of this Association shall be the AMERICAN RAILWAY ENGINEERING

ASSOCIATION.

2. Object

The object of the Association shall be the advancement of knowledge pertaining

to the scientific and economic location, construction, operation and maintenance of

railways.

3. Means to be Used

The means to be used for this purpose shall be:

(a) The investigation of matters pertaining to the object of the Association through

Study and Research Committees.

(b) Meeting for the presentation and discussion of papers, and for action on the

recommendations of committees.

(c) The publication of papers, reports and discussions.

4. Conclusions

The conclusions adopted by the Association shall be recommendatory.

5. Location

The office of the Association shall be located in Chicago, 111.

Article II

Membership
1. Classes

The membership of this Association shall be divided into five classes: Members,

Life Members, Honorary Members. Associates and Junior Members.

2. Qualifications

A. General

(a) An applicant to be eligible for membership in any class other than that of

Junior Member shall be not less than 25 years of age.

661
Bui. 633



662 Constitution

(b) To be eligible for membership in any class, or for retention of membership as a

Member, an Associate or a Junior Member, a person shall not be engaged directly or

primarily in the sale to the railways of appliances, supplies, patents or patented services.

(c) The right to membership shall not be terminated by retirement from active

service.

(d) In determining the eligibility for membership in any class, graduation in engineer-

ing from a school of recognized standing shall be considered as equivalent to three years

of active practice, and satisfactory completion of each year of work in such school,

without graduation, shall be considered as equivalent to one-half year of active practice.

(e) In determining the eligibility for Member under Section B (a) of this Article,

each year of practical experience in engineering, or in science related thereof, prior to

employment on a railway, if such experience were of the same specialized character as

the current work of the applicant, shall be considered as equivalent to one year of

railway service.

B. Member

A Member shall be:

(a) A railway engineer or officer who has had not less than five years' experience

in the location, construction, operation or maintenance of railways and who is employed

by a common-carrier railway corporation, by an approved association of railroads or

railway engineers or officers, or by a non-common-carrier railway if his primary duties

consist entirely or primarily of the location, construction, operation or maintenance of

a railway plant and facilities.

(b) A dean, professor, assistant professor, or equivalent in engineering in a university

or college of recognized standing, or an instructor or equivalent in such university or

college, who, with an engineering degree, has had at least two years' experience in

teaching engineering.

(c) An engineer or member of a public board, commission or other official agency

who, in the discharge of his regular duties, deals with railway problems.

(d) An editor of a trade or technical magazine who, in the discharge of his regular

duties, deals with railway problems, and who has had the equivalent of five years'

engineering or railway experience.

(e) A consulting engineer or contractor, or an engineer in their employ, engaged in

the engineering, construction and maintenance of railroad-related facilities or an engineer

employed by a technical service or research and development organization who has had

the equivalent of five years' engineering experience.

(f) An officer or engineer of an engineering or scientific society or association

whose aims and objectives are compatible with the aims and objectives of this

association.

C. Life Member

A Life Member shall be a Past President of the Association who has been retired

under a recognized retirement plan, or a Member or an Associate who has paid dues

for 35 years or who has been retired under a recognized retirement plan and has paid

dues for not less than 25 years.

D. Honorary Member

(a) An Honorary Member shall be a person of acknowledged eminence in railways

engineering or management.

(b) The number of Honorary Members shall be limited to ten.
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E. Associate

An Associate shall be:

(a) A member of a railway supply company or association who meets the qualifica-

tions of Section 2, Paragraph A (a) and (b).

(b) A person qualified by training and experience to cooperate with Members in the

object of this Association, but who is not qualified to become a Member,

F. Junior Member

(a) A Junior Member shall be not less than 21 years of age, shall have had not

less than three years' experience in the location, construction, operation or maintenance

of railways, and shall be an employee of a railway corporation, or one of the organiza-

tions or institutions listed under Section B of this Article, or a railway supply company

if he qualifies under Section 2, Paragraph A (b) of this Article.

(b) His membership in this classification in the Association shall terminate at the

end of the calendar year in which he becomes 30 years of age.

(c) He may make application for membership other than as a Junior Member at

any time when he becomes eligible to do so.

3. Transfers

The Board of Direction shall transfer from one class of membership to another,

or may remove from membership, any person whose qualifications so change as to

warrant such action.

4. Rights

(a) Members, and Life Members who were formerly Members, shall have all the

rights and privileges of the Association. Life Members who were formerly Associates

shall continue to have all the rights and privileges of Associates.

(b) Honorary Members shall have all the rights and privileges of the Association

except those of holding elective office, provided, however, that Members or Life Members
who are elected Honorary Members shall retain all the rights and privileges of the

Association.

(c) Associates and Junior Members shall have all the rights and privileges of the

Association except those of voting and holding elective office.

Article IH

Admission, Resignation, Expulsion and Reinstatement

L Charter Membership

The Charter Membership of this Association consists of all persons elected to mem-

bership before March 15, 1900.

2. Application for Membership

(a) A person desirous of membership in this Association shall make application

upon the form provided by the Board of Direction. In the event that Junior Membership

is desired, the applicant shall so state.

(b) The applicant shall give the names of at least three Members of this Asso-

ciation to whom personally known. Each of these Members shall be requested by the

Executive Manager of the Association to certify to a personal knowledge of the applicant

with an opinion of the applicant's qualifications for membership.
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(c) If an applicant is not personally known to as many as three Members of this

Association, the names of well-known persons engaged in railway or allied professional

work to whom he is personally known shall be substituted, as necessary, to provide a

total of at least three references. Each of these persons shall be requested by the Executive

Manager of the Association to certify to a personal knowledge of the applicant, with an

opinion of the applicant's qualifications for membership.

(d) No further action shall be taken upon the application until replies have been

received from at least three of the persons named by the applicant as references.

3. Election to Membership

(a) Upon completion of the application in accordance with Section 2 of this Article

the Board of Direction through its Membership Committee shall consider the application

and make such investigation as it may consider desirable or necessary.

(b) Upon completion of such consideration and investigation, each member of the

Board of Direction shall be supplied with the required information, together with the

recommendation of the Membership Committee as to the class of membership, if any,

to which the applicant is eligible, and the admission of the applicant shall be canvassed bv

ballot among the members of the Board of Direction.

(c) In the event that an application has been made under the provisions of Section

2, Paragraphs (a) and (b) of this Article, a two-thirds affirmative vote of the entire

Board of Direction shall be required for election.

(d) In the event that an application has been made under the provision of Section

2, Paragraphs (a) and (c) of the Article, a unanimous affirmative vote of the entire

Board of Direction shall be required for election.

4. Subscription to the Constitution

An applicant for any class of membership in this Association shall declare his wilHng-

ness to abide by the Constitution of the Association in his application for membership.

5. Honorary Member

A proposal for Honorary Membership shall be endorsed by ten or more Members

of the Association and a copy furnished each member of the Board of Direction. The

nominee shall be declared an Honorary Member upon receiving a unanimous vote of the

entire Board of Direction.

6. Resignation

The Board of Direction shall accept the resignation, tendered in writing, of any

person holding membership in the Association whose obligations to the Association have

been fulfilled.

7. Expulsion

Charges of misconduct on the part of anyone holding membership in this Association,

if in writing and signed by ten or more Members, may be submitted to the Board of

Direction for examination and action. If, in the opinion of the Board action is war-

ranted, the person complained of shall be served with a copy of such charges and shall

be given an opportunity to answer them to the Board of Direction. After such oppor-

tunity has been given, the Board of Direction shall take final action. A two-thirds

affirmative vote of the entire Board of Direction shall be required for expulsion.
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8. Reinstatement

(a) A person having been a Member, an Associate or a Junior Member of this

Association and having resigned such membership while in good standing may be

reinstated by a two-thirds affirmative vote of the entire Board of Direction.

(b) A person having been a Member, an Associate or a Junior Member of this

Association and having forfeited membership under llie provisions of Article IV, Section

3, may, upon such conditions as may be fixed by the Board, be reinstated by a two-thirds

affirmative vote of the entire Board of Direction.

Article IV

Dues
1. Entrance Fee

(a) An entrance fee of .SIO shall be payable to the Association with each application

for membership other than Junior Membership. This sum shall be returned to an applicant

not elected.

(b) An entrance fee of $5 shall be payable to the Association with each application

for Junior Member, which sum shall be returned to an applicant not elected. When a

Junior Member transfers to the Member or Associate Member class the previously paid

$5 entrance fee shall be credited towards the entrance fee for the class to which trans-

ferring. However, the Junior Member entrance fee shall not be returnable should the

individual resign from the Association or allow his membership to lapse. Neither shall

it be applicable to the dues for any year.

2. Annual Dues

(a) The annual dues for each Member and each Associate shall be $20.

(b) The annual dues for each Junior Member shall be $7.50.

(c) Life Members and Honorary Members shall be exempt from the payment ol

dues. Life Members desiring to continue to receive tlic Bulletins and Proceedings of the

Association may do so by paying a subscription fee prescribed by the Board of Direction

3. Arrears

A person whose dues are not paid before April 1 of the current year shall be notified

by the Executive Manager. If the dues are still unpaid on July 1, further notice shall be

given, informing the person that he is not in good standing in the Association. If the dues

remain unpaid by October 1, the person shall be notified that he will no longer receive

the publications of the Association. If the dues are not jwid by December .^1, the person

shall forfeit membership without further action or notice, except as provided for in

Section 4 of this Article.

4. Remission of Dues

The Board of Direction may extend the time of payment of dues, and may remit

the dues of any Member, Associate or Junior Member who. for good reason, is unable

to pay them.

Article V

Officers

I. Officers

(a) The officers of the Association shall be a President, two Vice Presidents,

twelve Directors, an Executive Manager and a Treasurer.
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(b) The President, the Vice Presidents, the Directors and the two Past Presidents

on the Board of Direction shall be Members and shall act as the trustees and have the

custody of all property belonging to the Association.

(c) The Executive Manager and the Treasurer shall be appointed by the Board of

Direction.

2. Term of Office

The term of oMce of the President shall be one year, of the Vice Presidents two

years and of the Directors three years. The term of each shall begin at the close of

the annual convention at which elected and continue until a successor is qualified.

All other officers and employees shall hold office or position at the pleasure of the Board

of Direction.

3. Officers Elected Annually

(a) There shall be elected at each annual convention a President, one Vice President

and four Directors.

(b) The candidates for President and for Vice President shall be selected from

the members or past members of the Board of Direction.

4. Conditions of Re-election of Officers

A President shall be ineligible for re-election, except as provided for in Section S (e)

of this Article. Vice Presidents and Directors shall be ineligible for re-election to the same

office, except as provided for in Section 5 (e) of this Article, until, at least one full

term has elapsed after the end of their respective terms.

5. Vacancies in Offices

(a) If a vacancy should occur in the office of President, as set forth in Section 6

of this Article, the senior Vice President shall immediately and automatically become

President for the unexpired term.

(b) If a vacancy should occur in the office of the senior Vice President, due to

advancement under Section 5 (a) of this Article, or for reasons set forth in Section 6

of this Article, the junior Vice President shall automatically become senior Vice President

for the unexpired term.

(c) If a vacancy should occur in the office of the junior Vice President, due to

advancement under Section S (b) of this Article, or for reasons set forth in Section 6

of this Article, the Board of Direction shall by the affirmative vote of two-thirds of its

entire membership, select a junior Vice President from the members or past members

of the Board of Direction

(d) A vacancy in the office of Director, due to advancement of a Director to junior

Vice President under Section 5 (c) of this Article, or for reasons set forth in Section 6

of this Article, shall be filled by the Board of Direction by the affirmative vote of

two-thirds of its entire membership.

(e) An incumbent in any office for an unexpired term shall be eligible for re-election

to the office held; provided, however, that anyone selected to fill a vacancy as Director

shall be eligible for election to that office, excepting that such appointee filling out an

unexpired term of two years or more shall be considered as coming within the provisions

of Section 4 of this Article.
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6. Vacation of Office

(a) In the event of the death of an elected officer, or his resignation from office,

or if he should cease to be a Member of the Association as provided in Section 2 (B),

Article II; Section 6 or 7, Article III; or Section 3, Article IV, the office shall be con-

sidered as vacated.

(b) In the event of the disability of an officer or neglect in the performance of duty

by an officer, the Board of Direction, by the affirmative vote of two-thirds of its entire

membership shall have the power to declare the office vacant.

Article VI

Nomination and Election of Officers

1. Nominating Committee

(a) There shall be a Nominating Committee composed of the five latest living Past

Presidents of the Association, who are Members, and five Members who are not

officers.

(b) The five Members who are not Past Presidents shall be elected annually for a

term of one year, when the officers of the Association are elected.

(c) The senior Past President who is a member of the committee shall be the

chairman of the committee. In the absence of the senior Past President from a meeting

of the committee the Past President next in seniority present shall act as chairman.

(d) If one or more Past Presidents are unable to act as members of the committee

through disability, the President shall have the authority to appoint an equivalent num-

ber of eligible next senior Past Presidents to the committee as ordinary members.

(e) If one or more elected members of the committee are unable to act, through

death or disability, the President shall have the authority to appoint as replacements an

equivalent number of the senior unsuccessful candidates for election to the committee.

2. Method of Nominating

(a) At least three months prior to the annual convention, the Chairman shall call

a meeting of the committee at a convenient place, at which nominees for the several

elective offices shall be selected as follows:

Number of Candi-
Number of Candi- dales to be

dates to be named elected at the

by the Nominating Annual Election

Office to be Filled Committee of Officers

President 1 1

Vice President 1 1

Directors 8 4

Nominating Committee 10 S

(b) The nominations for Director shall maintain the territorial balance prescribed

in Article VII, Section 1, Paragraph (b), to the maximum extent practicable. In this

connection, the nominations for Director shall be predicated, insofar as practicable, on

the following three-year repeating pattern of Director po.sitions to ensure adequate

territorial distribution:
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First Year Second Year Third Year

East—

2

East—

1

East—

1

South—

1

West—

2

South—

1

West—

1

Canada—

1

West—

2

Nominations in any one year shall be double the number of positions available for

each district that year, with the nominations listed separately by districts.

(c) The elected members of the Nominating Committee each year shall include

one from each district represented on the Board of Direction and one at-large member.

Nominations in any year shall be double the number of positions available for each

district, with the nominations listed separately by districts.

(d) The Chairman of the Nominating Committee shall send the names of the

nominees to the President and Executive Manager within IS days after the meeting

of the Nominating Committee, and the Executive Manager shall report the names of

these nominees to the members of the Association not less than 60 days prior to the

.innual convention.

(e) At any time prior to 30 days before the annual convention, any ten or more

Members may send to the Executive Manager additional nominations for any elective

office for the ensuing year, signed by such Members.

(f) If any person nominated shall be found by the Board of Direction to be

ineligible loi the office for which nominatciJ. oi should a nominee decline such nomination,

his name shall be withdrawn. The Board of Direction may fill any vacancies that may

occur in the list of nominees up to the time the ballots are sent out.

3. Ballots Issued

Not less than thirty days prior to each annual convention, the Executive Manager

shall issue a ballot to each voting Member of record who has paid his dues to or beyond

December 31 of the previous year, listing by districts the several candidates to be voted

upon. When there is more than one candidate for any office, the names shall be

arranged on the ballot in the order within each district that shall be determined by lot

by the Nominating Committee. The ballot shall be accompanied by a statement giving

for each candidate his record of membership and activities in the Association.

4. Substitution of Names

Members may remove names from the printed ballot list and may substitute the name

or names of any other person or persons eligible for any office, but the number of names

voted for each office on the ballot must not exceed the number to be elected at that

time to such office.

5. Ballots

(a) Ballots shall be placed in an envelope, sealed and endorsed with the name of

the voter, and mailed to or deposited with the Executive Manager at any time previous

to the closure of the polls.

(b) A voter may have the privilege of withdrawing his ballot, for the purposes

of casting another, or otherwise, at any time up to ten working days prior to the

closure of the polls. After that date, no ballot shall be subject to withdrawal or

revision.

(c) Ballots received in unendorsed envelopes, or from persons not qualified to vote,

shall not be counted.
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(d) The ballots and envelopes shall be preserved for not less than ten days after

the vote is canvassed.

6. Closure of Polls

The polls shall be closed at 12 o'clock noon on the first day of normal 2J/2-day

annual conventions, and at 4 pm on the day prior to the first day of annual conven-

tions which are less than 2J^ days in length. In both instances, the ballots shall be

counted by tellers appointed by the presiding officer.

7. Election

(a) The persons who shall receive the highest number of votes for the offices for

which they are candidates shall be declared elected.

(b) In case of a tie between two or more candidates for the same office, the

Members present at the annual convention shall elect the officer by ballot from the

candidates so tied.

(c) The presiding officer shall announce at the convention the names of the officers

elected in accordance with this Article.

Article VII

Management

1. Board of Direction

(a) The Board of Direction shall be the governing body of the Association and

shall manage the affairs of the Association in accordance with the Constitution of

the Association, and shall have full power to control and regulate all matters not other-

wise provided for in the Constitution. It shall be composed of seventeen Members of

the Association, and shall include the President and two Vice Presidents of the Asso-

ciation, the two living junior Past Presidents, and twelve elected Directors. The nomina-

tion and election of the Officers and Directors shall be in accordance with the procedures

set forth in Article VI herein.

(b) Furthermore, the membership shall, insofar as possible, include proportional

representation from the territorial divisions contained in the "List of Principal Railroads

Showing Allocation to Geographical Groups" (published in the current issue of The

Official Railway Equipment Register).

Accordingly, the twelve Directors shall be elected in accordance with Article VI,

Section 2, to fit, insofar as possible, the following general plan for territorial

representation:

Four from the Eastern District, including the Allegheny and Pocahontas Districts;

two from the Southern District; five from the Western District, including the North-

western, Central Western and Southwestern Districts; and one from Canada.

(c) The President and two Vice Presidents of the Association and the two Past

Presidents on the Board of Direction shall be at-large members of the Board.

(d) Vacancies occurring in Director positions prior to normal expiration of term

of office shall be filled by the Board, insofar as possible, from the district represented

by the previous incumbent.

(e) The Board of Direction shall meet within thirty days after each annual con-

vention, and at such other times as the President may direct. Special meetings shall be

called on request, in writing, of five members of the Board of Direction.

(f) Seven members of the Board of Direction shall constitute a quorum.
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2. Executive Committee

(a) An Executive Committee of the Board of Direction shall be constituted

annually and shall consist of the President and two Vice Presidents of the Association

and the two Past Presidents on the Board of Direction. The Executive Committee shall

be subject to confirmation of the Board of Direction each year at the first meeting of

the Board following the Convention. The President of the Association shall be the

chairman of the Executive Committee.

(b) The Executive Committee shall possess and may exercise during intervals

between meetings of the Board, all of the powers of the Board on matters which in the

judgment of a majority of the Executive Committee cannot properly be delayed until

the next meeting of the Board. Actions of the Executive Committee shall be authorized

by a concurring majority of its full membership and shall be reported to the Board of

Direction at its next meeting.

(c) The Executive Committee may be dissolved at any time by action of a majority

of the full membership of the Board of Direction. Following such dissolution, the Execu-

tive Committee may be re-created with personnel different than prescribed in Paragraph

(a) herein at any time prior to the Annual Convention by action of a majority of the

full membership of the Board. However, if the Executive Committee is not re-created

prior to the next Annual Convention it automatically shall come under the provision

of Paragraph (a) herein unless the Board of Direction decrees otherwise.

3. President

The President shall have general supervision of the affairs of the Association, shall

preside at meetings of the Association, the Board of Direction and the Executive Com-

mittee of the Board of Direction, and, by virtue of his office, shall be a member of all

committees, except the Nominating Committee.

4. Vice Presidents

The Vice Presidents, in order of seniority, shall preside at meetings in the absence

of the President.

5. Treasurer

The Treasurer shall pay all bills of the Association when properly certified by the

Executive Manager and approved by the Finance Committee. He shall make an annual

report as to the financial condition of the Association and such other reports as may be

called for by the Board of Direction.

6. Executive Manager

The Executive Manager shall be appointed by the Board of Direction to manage

the affairs of the Association under the direction of the President and the Board of

Direction. He shall be the Executive Officer and the Secretary of the Association, and

shall serve as secretary of the Board of Direction and of the Executive Committee of

the Board of Direction.

The Executive Manager shall attend the meetings of the Association and of the

Board of Direction and the Executive Committee of the Board of Direction, prepare

the business therefor, and record the proceedings thereof. Furthermore, he shall see that

all money due the Association is collected, is credited to the proper accounts, and is

deposited in the designated depository of the Association, with receipt to the Treasurer

therefor. He shall personally certify to the accuracy of all bills and vouchers on which

money is to be paid. In addition, he shall invest all funds of the Association not needed

for current disbursements, as shall be recommended by the Finance Committee of the
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Board of Direction and approved by the Board of Direction, with notification to the

Treasurer of such investments.

The Executive Manager shall be responsible for the handling of the correspondence

of the Association, shall make an annual report to the Association, shall have direct

charge of the property and quarters of the Association, shall direct the work of the

secretaries, assistant secretaries and other employees of the Association, and shall perform

such other duties as the Board of Direction may prescribe.

7. Auditing of Accounts

The financial accounts of the Association shall be audited annually by an accountant

or accountants approved by and under the direction of the Finance Committee.

8. Administrative Committees

At the first meeting of the Board of Direction after the annual convention, the

following Administrative Committees, each consisting of not less than three members,

shall be appointed by the President. The personnel of these committees shall be subject

to approval by the Board of Direction

Assignments

Finance

Manual

Membership

Personnel

Publications

Research

Other special Administrative Committees may be appointed by the President at

any time, and reappointed annually, if necessary, their personnel being subject to

approval by the Board of Direction,

Membership on Administrative Committees shall be restricted to members of the

Board of Direction, except that one or two members of the Administrative Committee

on Research may be past members of the Board of Direction.

9. Study and Research Committees

The Board of Direction may establish continuing or special Study and Research

Committees to investigate, consider, and report upon subjects appropriate to the object

of the Association, as set forth in Art. I.

10. Duties of Administrative Committees

(a) Assignments

The Assignments Committee shall review and pass upon the recommendations of

Association Study and Research Committees for subjects to be investigated, considered

and reported on by these committees during the ensuing Association year, and shall

report thereon to the Board of Direction for its approval. The Assignments Committee

shall have authority to assign additional subjects or change the scope of any existing

subjects at any time during the year, reporting its action thereon to the Board at its

next regular meeting.

(b) Finance

The Finance Committee shall have immediate supervision of the accounts and

financial affairs of the Association; shall approve all bills before payment, and shall

make recommendations to the Board of Direction as to the investment of funds and
other financial matters. The Finance Committee shall not have the power to incur
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debts or other obligations binding the Association, nor authorize the payment of money

other than the amounts necessary to meet ordinary current expenses of the Association,

except by authority of the Board of Direction.

(c) Manual

The Manual Committee, with the assistance of the Publications Committee, shall

liave general supervision over the Manual.

(d) Membership

The Membership Committee shall investigate applicants for membership and shall

make recommendations to the Board of Direction with reference thereto.

(e) Personnel

The Personnel Committee shall review and pass upon applications of members

for appointment to Study and Research Committees, and shall also appoint the chair-

man and vice chairman of such committees and make a report thereon to the Board

(if Direction for its approval. Should an unexpected vacancy in chairmanship or vice

chairmanship of any such committee occur, the Personnel Committee shall have author-

ity to fill such vacancy immediately, reporting its action thereon to the Board at its

next regular meeting.

(f) Publications

The Publications Committee shall have general supervision over the publications

of the Association. The Publications Committee shall not have the power to incur

debts or other obligations binding the Association, nor authorize the payment of money

except by authority of the Board of Direction.

(g) Research

The Research Committee shall encourage and coordinate the research activities of

I lie Association, in the course of accomplishment of which it shall review and pass

upon the recommendations of Study and Research Committees for research projects and

--hall report thereon to the Board of Direction, recommending for approval specific

projects initiated by these committees or by the Research Committee and recommending

.illotments of funds for these projects in the research budget of the Association of

American Railroads or from other sources compatible therewith; shall collaborate closely

with the research staff of the Association of American Railroads; and when called upon

l)y the Vice President—Research or the Vice President—Operations and Maintenance

of that association, members of the Research Committee shall engage in the activities

of advisory committees or groups of that organization and shall report from time to

time to the Board of Direction on those activities.

11. Special Committees

The Board of Direction may appoint special committees to examine into and report

upon any subject connected with the objects of this Association.

12. Discussion by Non-Members

The Board of Direction may invite discussions of reports from persons not members

of the Association.

13. Sanction of Act of Board of Direction

An act of the Board of Direction which shall have received the expressed or implied

sanction of the membership at the next annual convention of the Association shall be

deemed to be the act of the Association.
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Article VIII

Meetings

i. Annual Convention

(a) The Annual Convention of the Association shall be held in the City of Chicago,

111., or in such other city as may be determined by the affirmative vote of two-thirds

of the entire membership of the Board of Direction. The convention in any year shall

be held on dates determined by the affirmative vote of two-thirds of the entire mem-
bership of the Board of Direction.

(b) The Executive Manager shall notify all members of the Association of the time

and place of the annual convention at least 30 days in advance thereof.

(c) The order of business at the annual convention of the Association shall be:

Address of the President

Reports of the Executive Manager and the Treasurer

Reports of committees

Unfinished business

New business

Installation of officers

Adjournment

(d) This order of business may be changed by a majority vote of Members present.

(e) The proceedings shall be governed by "Robert's Rules of Order" except as

otherwise herein provided.

(f) Discussions shall be limited to Members and to those others invited by the

presidmg oOicer to speak.

2. Special Meetings

Special meetings of the Associations may be called by the Board of Directions on its

own initiative, and may be so called by the Board of Direction upon written request

of 100 Members. The request shall state the purpose of such meeting.

The call for such special meeting shall be issued not less than ten days in advance

of the proposed date of such meeting and shall state the purpose and place of the

meeting. Ao other business shall be taken up at such meeting,

3. Quorum
Twenty-five Members shall constitute a quorum at all meetings of the Association.

Article IX

Amendment
1. Amendment

Amendment of this Constitution may be proposed by written petition signed by

not less than ten Members of the Association, and shall be acted upon in the following

manner:

The proposed amendment shall be presented to the Executive Manager who shall

send a copy to each member of the Board of Direction as soon as received. If a majority

of the entire Board of Direction so votes, the matter shall be submitted to the voting

members of the Association by letter ballot

Amendment to the Constitution also may be proposed by majority affirmative vote

of the entire Board of Direction, and the proposed amendment tlien submitted to the

voting members of the Association by letter ballot.
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Sixty days after the date of issue of the letter ballot, the Board of Direction shall

canvass the ballots which have been received, and if two-thirds of such ballots are in

the affirmative the amendment shall be declared adopted and shall become effective

immediately. The result of the letter ballot shall be announced to members of the

Association.
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Advance Report of Committee 3—Ties and Wood Preservation

Report on Assignment 5

Service Records

J. T. Slocomb (chairman, subcommittee), W. F. Arksey, A. B. Baker, K. C.

Edscorn, F. J. FuixjE, R. P. Hughes, H. C. Martin, G. H. Way, J. L.

Williams.

Tie Renewals and Costs

Statistics providing information on cross tie renewals and average cross tie costs

for the year 1970 as compiled by the Economics and Finance Department, Asso-

ciation of American Railroads, are presented on following pages in Tables A and B.

Table C shows the number of concrete ties laid in replacement and in new con-

struction. Table D shows typical prices paid for wood ties in the East, South and

West.

The 1970 statistics on new tie renewals by Class I U. S. Railroads compared

with 1969 are as follows:

Total New Renewals
Year Tie Renewals Per Mile

1969 17,191,221* 57
1970 17,852,841"*' 60

" Includes 93,866 concrete ties, excludes 358,592 secondhand ties.
** Includes 48,340 concrete ties, e.\cludes 323,187 secondhand ties.

By geographical regions, the Southern Roads inserted in replacement 103 new
ties per mile, Eastern Roads 51 ties per mile and the Western Roads 52 ties per

mile.

Indicated wood tie life detemiined by dividing the total number of ties in

track (1967 figures) by the number of new ties inserted this one year is as follows:

Southern Roads 30 years. Eastern Roads 60 years. Western Roads 58 years. These

figures indicate that railroads in the South are replacing ties at a rate close to

actual tie life. Railroads in the East and in the West are still living on tlie e.xtra

high insertions of the early 1940*s. Cyclical high installations of over 150 ties per

mile in the period 1940-1950 indicate increasingly high requirements in the decade

of the 70's.

The a\erage cost of all sizes (grades) and species of new wooden ties, pro-

tected (or not) widi various types of anti-splitting devices and subject to various

preser\ati\e treabiients as charged out by storekeepers was $4.99 in 1969 and $5.33

in 1970.

Based on figures submitted by ten selected railroads, a typical grade 5 main line

treated oak cross tie was priced at $5.2.5-$6.00 in the South, $5.80-$7.45 in the

East and $5.25 in the West. The range of prices within a region is often due to

various upgrading practices; anti-splitting devices, types of preservatixes and reten-

tions, number of handlings, duration of seasoning period, boring, adzing, incising,

etc.

The number of concrete ties used in replacement declined in 1970 compared

with 1969—from 93,866 to 48,340. Concrete ties \ised in new construction increa.sed

slightly from 48,116 to 58,946.
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Index of Proceedings, Vol. 72, 1971

— A—
American Society for Testing and Materials,

specifications and designations, concrete
structures and foundations, 136

Annual meeting, luncheon address, 487—opening session features, 470—president's address, 473—program, 46.5

Arbitration award, maintenance of way, eco-
nomic effect on maintenance of way
gangs, 201

Australian Iron and Steel Co., investigation of

rails made b\', 310
Automatic Car Identification, applications in

vards and terminals and weighing sys-

tems, 230
.—economic studies, 73
Automobiles, loading and un'oading facilities

for, tentative Manual recommendations,
232

— B—
Bibliographies, Contract Forms, 168—Engineering Records and Property Account-

ing, 241
Birkemeier, G. R., panel discussion, "Glued

Laminated Timber—A Reliable Engineer-
ing Material," .529

Bohannan, Billy, panel discussion, "Glued Lam-
inated Timber—A Reliable Engineering
Material," 529

Bridges, concrete, plain and reinforced, spec-
ification revisions, 136

Bridges, continuous welded rail on, practices,
address by R. I. Simkins, 582—principles, address by D. V. Messman, 572—problems, address by L. F. Currier, .580

Buildings, committee report, 419; remarks by
committee chairman, 614—railway office, design criteria, 120

Burlington Northern, Inc., Libbev line change,
184

— C —
Charvat, A. W., memoir, 420
Chicago & North Western Railway, tie test near

Des Plaines, III., 293
Clearances, committee report, 4.39; remarks by

committee chairman, 62.5
College students, summer employinent in rail-

way service, 4.52
Collisions, involving dangerous articles, address

by E. R. Schlaf, 482
Computer assignments of all AREA committees,

documentation of, 4.37
Computers, electronic, programs for analysis

and rating of bridges, 4.32

Concrete bridges ( see Bridges, concrete

)

Concrete members ( see Structures, concrete
members)

Concrete Structures and Foundation.s, commit-
tee report, 425; remarks by committee
chairman, 617

Concrete ties (see Ties, concrete)
Concrete Trestles (.see Trestles, concrete)
Constitution, 659
Containers, handling areas, design of pave-

ments for, 536

Continuous Welded Rail, committee report,

415; remarks by committee chairman, 627
—failures, 417—guide for using thermite process, 157—on bridges, 572, 580, 582—statistics, 418
Contract Forms, committee report, 167; remarks

by committee chainnan, 620
—bibliography, 168
Corrosion, control of, 226
Crossings, highway—railway grade, developing

alternate types of automatic protection,

178
.—development of a protection program, ad-

dress by H. L. Michael, 493—economics of various types, 198—merits and economics of marking and sign-

ing, 177—merits and economics of prefabricated tyiJes,

172—merits of various types of protection, 173—roadbed stabilization for, 171—types of rumble strips for approaches, 180
Culverts, height of cover tables, 107
Currier, L. F., address, "Problems of Continu-

ous Welded Rail on Bridges," 580
Curves, reverse, minimum tangent distance

between, 414

— D—
Data processing, applications, 244—code reporting, 243, 244—work equipment, address by E. H. Fisher,

.584
Deno, L. J., memoir, 612
Depreciation, current developments in connec-

tion with regulator\' bodies and courts,

245
Derailments, involving dangerous articles, ad-

dress by E. R. Schlaf, 482
Discussion section, ground rules, 72, 2.54, 608

E
Economics of Railway Construction and Main-

tenance, committee report, 18.3; remarks
by committee chairman, 621

Economics of Railway Location and Operation,
committee reports, 1, 73, 95, 16.5

Election of officers, nominating committee, 469—successful candidates, 470—tellers committee, 469
Engineering Education, committee report, 449;

remarks by committee chairman, 621
Engineering Records and Property Accounting,

committee report, 239; remarks by com-
mittee chairman, 618—bibliography, 241

Environmental Engineering, committee report,
20.3; remarks by committee chairman, 619

Epoxy compoimds, use in repair of concrete
structures, address by J. A. Heinen, 599

Europe, railroads in, 79
Executive manager, remarks, 473; report, 639

— F—
Faries, D. T., memoir, 307
Fisher, E. H., address, "Data Processing for

^Vork E<|uipnient," .584
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Fishwick, J. P., annual luncheon address, 487
Frogs, permissible variations, iilan revised, 162

— G—
(lanns, maintenance of way, as affected by

arbitration award, 201
Gehrke, E. G., memoir, 637
Glickstein, D. L., i>anel discussion, "Practical

Applications of Systems Engineering on
the Railroads," 562

Great Northern Railway (see Burlington North-
em, Inc.

)

Guard rails, plan revised, 162

— H—
Jfeinen, J. A., address, "Repair of Goncrete

Structures with Epoxy Compounds," 599
Henry, R. J., address, "Some Aspects of Serv-

ice Developments in Rail-Head Metal,"
586

High speed rail transportation, special report
on by W. B. O'Sullivan, 9—basic mechanical considerations, 1

Highway-railway grade crossings (see Cross-
ings, highway-railway grade)

Highways, committee report, 169; remarks by
committee chairman, 617

Hillman, A. B., report of treasurer, 653
Hodgkins, E. W., executive manager, remarks

and report, 475, 639
Hygiene, industrial, retention type toilets, 225

— I—
Impact and Bridge Stresses, committee report,

431; remarks by committee chairman, 626
Industrial hygiene (see Hygiene, industrial)
Interstate Commerce Commission, valuation or-

ders and reports, 245—Accounting classifications, revisions and in-
teri>retations, 246—Bureau of Accounts, depreciation orders, 245

-J-
Johnson, E. 0-, president's address, 473

— K—
Koci, L. F., address, "Wheel and Rail Loadings

from Diesel Locomotives," 500

— L—
Laird, N. A., memoir, 426
Libbey Dam, construction of on Burlington

Northern, Inc., 184
Line change, on Burlington Northern near

Libbey, Mont., 184
Loeffler, H. S., memoir, 609
Lubrication, switch plates, 405

— M—
Maintenance of way gangs (see Gangs, main-

tenance of way)
Maintenance of Way Work Equipment, com-

nuttoe report, 249

—data processing for, address by E. II. Fisher,
584—existing, improvements to be made to, 250

Marine organisms, 301
McCurry, L. H., report on National Water

Commission, 442
Messman, D. V., address, "Principles of Con-

tinuous Welded Rail on Bridges," 572
Michael, H. L., address, "Development of a

Highway-Railway Grade Crossing Protec-
tion Program," 493

Muelder, C. F., address, "A Railroad State-
ment for Pollution Abatement," 568

— N—
National \\'ater Commission, report on by

L. II. McCurry, 442

— o—
O'Byrn, Dan, panel discussion, "Glued Lami-

nated Timber—A Reliable Engineering
Material," 529

Office buildings, railway, design criteria, 120
O'Sullivan, W. B., "Special Report on High-

Speed Rail Transportation," 9

— P—
Pavements, design of for container handling

areas, 536
Peckover, F. L., report on "Design of Pave-

ments for Container Handling Areas," 536
Pipelines, conveying flammable substances,

specification revisions, 109—conveying non-flammable substances, speci-
fication revisions, 115

Pollution abatement, a railroad statement for,

address by C. F. Muelder, .568
Pollution control, air, tentative Manual recom-

mendations, 217—water, tentative Manual recommendations,
204

Preservatives, wood (see Wood preservation)
President's address, annual meeting, 473

— R—
Rail, committee report, 305; remarks by com-

mittee chainiian, 613—continuous welded ( see Continuous welded
rail)—end batter, building up by use of semi-
automatic wire feed weld, 392—failure statistics, 372—loadings from diesel locomotives, address by
L. F. Koci, 500—made by Australian Iron and Steel Co., in-
vestigation of, 310—made from vacuum degassed steel, investi-
gation of, 335—obtaining lengths longer than 39 ft, 309— 119-lb CF&I section adopted as AREA sec-
tion, 160—rolled and shipped bv weight and sections
in 1969, 400—service developments in head metal, address
by R. J. Henry, 586

Rail mills, visits to by Rail Committee, 309
Rail thermometer, plan and specifications

adopted, 161
Rail transportation, high speed (see High speed

rail transportation

)

Railroads, in Europe, 79
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Rapid transit systems, comparison of 21 types,

95
Reed, J. H., address, "Safety in the 70's," 477
Regional Meeting, Toronto, address by J. H.

Spicer, 454
Responsibilit>' reixjrting, 243, 244
Rhude, M. j., panel discussion, '"Glued Lami-

nated Timber—A Reliable Engineering
Material," 529

Roadbed, tentative Manual recommendations,
256

Roadway and Ballast, committee report, 107,
255; remarks by committee chairman, 611

Roberts, W. E., memoir, 416
Roggeveen, V. J., report, "Railroads in Europe—an American's Views," 79

— s—
Safety in the 70's, address by J. H. Reed, 477
Schlaf, E. R., address, "Collisions and Derail-

ments Involving Dangerous Articles," 482
Simkins, R. I., address, "Practices pertaining

to Continuous Welded Rail on Bridges,"
582

Siiepka, R. B., panel discussion, "Practical Aii-
plications of Systems Engineering on the
Railroads," 566

Spicer, J. H., address, "Planning and Control,"
presented at Toronto Regional Meeting,
454

Steel Structures, committee report, 153, 429;
remarks by committee chairman, 620

Structures, concrete, repair of with epoxy com-
pounds, address by J. A. Heinen, 599—concrete members, i^lain and reinforced,
specification revisions, 139—establishment of consistent design loading,

433
Structures, steel, specification revisions, 153
-—bibliograjihy and technical explanation of

various specification requirements, 153
Structures, timber, repeated loading of full-

size stringers, 422
Systems Engineering, committee report, 435;

remarks by committee chairinan, 628—on a small railroad, address by R. B. Siiepka,
566—track charts, address bv D. L. Glickstein,
562

Switch plates, lubrication of, 405

Ties, wood—annual renewal statistics, 301, 677—joint RTA-AAR service test on C&NW, 293—service test on Baltimore & Ohio Railroad,
302

Timber, glued laminated, panel discussion on,

529
Timber Structures (see also Structures, timber),

committee report, 421
Track, committee rejiort, 401
Tracks, main, upgrading of to support very

high speeds, 1

Trackwork, special, specification revisions, 162
Treasurer, report, 653
Trestles, concrete, reinforced, specifications de-

leted, 136
Trucks, loading and unloading facilities for,

tentative Manual recommendations, 232

—u—
University students (see College students)

— V—
Valuation, current developments in connection

with regulatory bodies and courts, 245—ICC orders and reports, 246

—w—
VValbright, H. W., memoir, 171
Waterways and Harbors, committee report, 441;

remarks by committee chairman, 625
Welding, rail end batter build-up by semi-

automatic wire feed, 392—rail joints, thennite process, 157
Williamson, T. C, panel discussion, "Glued

Laminated Timber—A Reliable Engineer-
ing Material," 529

Wong, W. W., report on "Design of Pave-
ments for Container Handling Areas," 536

Wood, W. A., memoir, 228
Wood preservation, survey of practices, 294
Work equipment ( see Maintenance of Way

Work Equipment)

— T—
Terrell, E. G., memoir, 240
Thermite welding, rail joints, 157
Thermometer, rail (see Rail thermometer)
Thoman, R. S., address, "Ontario Program of

Regional Development," presented at

Toronto Regional Meeting, 458
Ties and Wood Preservation, committee report,

291; remarks by committee chairman, 613
Ties, concrete, special committee on, remarks

by chairman, 629

— Y—
Yards, applications in of Automatic Car Identi-

fication, 230—classification, methods of preventing roll-

(mts, 229—layout and characteristics of loading and
unloading facilities for automobiles and
trucks, tentative Manual recommendations,
232

Yards and Terminals, committee report, 227;
remarks by committee chairman, 619
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ECONOMICAL TRACK DRAINAGE

.1.[Q^V^ Ballast Cleaning

One of the SPENO Ballast Cleaninj machines.

The transformation in

drainage conditions shown

in these photos was

accomplished with a

SPENO Ballast Cleaning

Machine . . . Time Tested

— and Proved— Year

^fter Year on the railroads

of the Nation.

For just a few pennies

per track foot you can

have good track drainage

that saves maintenance

dollars.

Write or telephone for a Ballast

Cleaning program for your railroad.

^vs;

RRI
ss-1

FRANK SPENO RAILROAD BALLAST CLEANING co., inc.

Clark St., Eait Syracuse, N.Y.

Ph. 31 S 437 2547

306 N. Cayuga St., Ilhoca, N.Y.

Ph. 607 272 3313

Canadian Sales Representative: lEC-HOLDEN LTD., 614 St. James
St. W., Montival 3, Quebec, Canada Phone: 514 849-8U1
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